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THE INFLUENCE OF GIBBERELLIC ACID AND KINETIN 
ON GERMINATION AND SEEDLING GROWTH OF LETTUCE 


Micuaer Evenari, Gerr NeuMANN, SHULAMITH BLUMENTHAL-GOLDSCHMIDT, 
A. M. Maver and ALExanpraA PoLjAkorFr-MAYBER 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


Kinetin in various concentrations (10-5 — 10-+ M) stimulates the germination of lettuce 
seeds var. Grand Rapids in the dark. It does not affect hypocotyl growth but inhibits 
root growth, 

If red light and kinetin are applied simultaneously there is an additive stimulation 
of germination, Far red does not reverse the stimulation caused by kinetin. Te 3s 
concluded that kinetin and red light stimulate germination by different mechanisms. 

The inhibition of root growth caused by kinetin is not affected by red light. 

Gibberellic acid stimulated germination in the dark at concentrations of 2.9 x 10-5 
and 2.9 x 10-*M. It did not affect root or hypocotyl growth. If gibberellic acid is 
given in conjunction with red light there is an additive stimulation of germination. 
Far red reverses part of the stimulation caused by gibberellic acid. 

The presence of gibberellic acid does not change the sensitivity of the seeds toward 
red light. 

Experiments of transfer from water to gibberellic acid and vice versa at different 
times after the seeds were put in water make it probable that gibberellic acid affects 
germination through at least two different processes. 

Gibberellic acid did not affect the growth of excised roots either in darkness or 
light. The growth of excised hypocotyls was not affected by gibberellic acid either. 
But there was a stimulation, when gibberellic acid was given simultaneously with 
white or red light to entire seeds or seedlings. 


The effect of both kinetin (K) and gibberellic acid (G. A.) on the germination of 
lettuce seed has recently been investigated (Miller 1956, Kahn et al. 1956 and 1957, 
Lona 1956). These workers report that the germination stimulating effect of these 
compounds differs from the stimulation caused by red light, in not being reversible 
by far-red. In addition there is an ever growing list of reports in the literature on 
the effect of kinetin and the gibberellins, on the enlargement and growth of various 
organs and tissue sections (Brian and Hemming 1955; Brian, Hemming and Radley 
1955; Das, Patau and Skoog 1956; Marth, Audia and Mitchel 1956; Lang 1956; 
Wickson and Thimann 1956). 
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The aim of this study was to investigate in greater detail the effect of K and: 
G. A. on growth and germination of lettuce seeds and seedlings. In addition the: 
relationship of the effect of the compounds to that of red (R) and far-red (FR) 
radiation was investigated. 


METHODS 


Kinetin solutions were prepared in dilute KOH and brought to pH 6 with HCL. 
G. A. was dissolved in hot water and then neutralized with dilute NaOH. The 
germination tests were carried out in Petri dishes on filter paper in the dark at 26°C. 
Illumination with R and FR was given from an incandescent lamp, the light inten- 
sity of which was 250 f.c. at the level of the seeds, filtered through appropriate 
filters. (Evenari and Neumann 1953). Unless otherwise stated R was given for 
2 min., 2 hours after the seeds were put in water, the reversing FR being given 
immediately afterwards. If FR alone was given it was applied 20 mins. after placing 
the seeds in water. 

Lettuce seeds var. Grand Rapids were used throughout the experiments. The 
effect of various concentrations of the two substances was tried on two lots of seeds : 
(a) seeds bought from the Ferry Morse Seed Growers, California, (b) locally grown 
seeds. All subsequent experiments were carried out with lot (b), only. Germination 
counts and length measurements were made after 72 hours. 


RESULTS AND DISCUSSION 


The effect of varying concentrations of kinetin and G. A. on germination in dark- 
ness and on the length of roots, and hypocotyls of the seedlings is given in Tables I 
and II. It will be seen that for kinetin the stimulation of germination was highly 
significant but the differences between the various concentrations were not significant. 


i 
f 


TABLE I 


Effect of kinetin on germination and growth of lettuce seeds germinated in darkness. 
Numbers in brackets give the standard deviation 


Molar concentration of kinetin 


Lot 0 10-5 2.5 10-5 5x 10-5 10-4 
Germ. % a S/.0 (lend) 93.8 (1.0) 84.8 (5.7) 86.3 (4.8) 94.8 (2.1) 
b 3.0 (4.0) 52.5 (6.8) 36.5 (1.2) 27.5 (1.5) 41.0 (14.3) 
Root length a 17.7. (1.5) 11.8 (0.8) 15.4 (1.9) 16.9 (1.0) 4.9 (0.5) 
(mm) b 14.2 (2.8) 7.5 (1.6) 8.7 (4.4) 10.4 (2.6) 3.0 (0.2) 
Hypocotyl length a 7.0 (1.6) 6.4 (0.4) 5.9 (0.6) 6.4 (1.0) 6.5 (0.6) 
(mm) b 9.5 (2.4) 5.4 (0.4) 6.7 (1.4) 7.5 (1.8) 4.3 (0.8) 
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TABLE II 


Effect of gibberellic acid on germination and growth of lettuce seeds germinated in darkness. 
Numbers in brackets give standard deviation 


Molar concentration of gibberellic acid 


Lot 0 2.9x10-8 2.9x10-7 2.9x10-6  2.9x10-5 2.9 10-4 
Germ. % = a_—-28,3.(10.9) 29.3 (9.0) 29.3 (8.5) 40.8 (13.6) 78.0 (25.7) 93.0 (1.0) 

b 12.2 (5.6) 14.0(4.8) 15.0(7.9) 19.3 (6.8) 32.0(10.2) 78.5 (3.5) 
Root length a 16.8 (3.9) 18.2(5.0) 16.3(8.0) 15.2 (4.0) 16.0 (4.0) 18.2 (0.3) 
(mm) b 15.0 (3.0) 13.7(4.0) 16.0(2.1) 13.7 (1.7) 15.0 (3.3) 17.0 (3.0) 
Hypocotyl a 10.0 (3.3) 10.8(2.4) 11.3(3.0) 11.2 (3.0) 11.8 (2.4) 11.3 (0.7) 
length(mm) b 7.2 (2.8)  9.7(0.7) 7.8(0.7) 8.5 (0.5) 88 (0.7) 9.2 (2.2) 


The effect of kinetin on hypocotyl growth was nonsignificant, but the depression 
of root growth was highly significant at 10-* M kinetin, 

G.A. stimulated germination significantly only at concentration of 2.9 x 10% 
and 2.9 x 10-* M (P< .001). This is in accord with the results of Kahn and co- 
workers (1956, 1957) and those of Lona (1956) for Lactuca scariola. There was no 
effect on hypocotyl growth or root length, which is in contrast to the findings of 
other authors where G. A. always significantly affected shoot growth (Brian, Hem- 
ming and Radley 1956). 

For further experiments 10°°M kinetin and 2.9 x 10°M G.A. were selected. 
The effect of R and FR radiation on their action was studied. The results for 
kinetin are summarized in Table III. It can be concluded that kinetin and R stimu- 
late germination by different mechanisms whose effect is additive. FR reverses 
only the effect of R. This is in accord with Miller’s findings (1956). It was again 
seen that kinetin significantly inhibited root growth. R and FR affect root growth, 
possibly due to their effect on the rate of germination. Their effect on root length 
is not changed by the presence of kinetin. Although in our own previous experi- 
ments (see Table I) kinetin did not significantly affect hypocotyl growth, in this 
set of experiments it caused a depression of growth of the hypocotyls. This 
depression is on the border of statistical significance. 


TABLE III 


The effect of R and FR on germination and growth in the presence of 10-5 M kinetin 


Treatment % Germination Root length (mm) Hypocotyl length (mm) 
Water (Dark) 20.8 17.6 10.5 
Water +R 44.2 20.7 10.5 
Water + FR 14.8 17.2 9.5 
Water + R + FR 12.0 13.0 7.8 
Kinetin (Dark) 53: 10.0 7.5 
Kinetin + R 70.0 11.2 9.1 
Kinetin + FR 44.6 8.1 6.0 
Kinetin + R + FR 48.5 4.4 3.5 


68 M. EVENARI et al. Bull. Res. Counc. of Israel | 


Statistical significance of the difference between treatment based on “t” test. 


Treatments compared P 


Germination Root length Hypocotyl length 


Water Dark/Water + R Not significant 


Kinetin Dark/Kinetin + R < 0.001 0.001 Not significant 
Water Dark/Water + FR 0.1—0.05 not. sign, Not significant 
Water Dark/Water + R + FR Not significant not. sign, Not significant 
Kinetin Dark/Water Dark 0.01 0.01 0.05—0.02 

Kinetin + R/Water + R 0.001 0.05—0.02 Not significant 
Kinetin Dark/Kinetin + FR Not significant not. sign. Not significant 
Kinetin Dark/Kinetin + R + FR Not significant not, sign, 0.1—0.05 


A somewhat different picture is obtained for G.A. (Table IV). Germination 
was significantly stimulated by G.A. This stimulation was markedly reduced 
by FR. FR given immediately after R in the presence of G. A. only reversed 
the stimulation of R without reducing the germination below that of G. A. alone. 
This difference was caused either by the difference of time of application of FR 
in the two cases (see methods) or by the fact that the dose of FR was insufficient. 
To clarify this point, further experiments were designed. In one set of experiments 
FR was given 20 mins. after the seeds were put in water, and the usual R FR 
given after a further one hour and forty minutes. In a second set of experiments R 
was given as usual but the subsequent FR was doubled. The results with their 
controls are shown in Table V. “t” tests on these results showed that application 
of FR before and after R (FR+R+FR) did not significantly differ from R and FR 
(R+FR) in either water or G. A. However, a double dose of FR following R 


TABLE IV 


The effect of R and FR on germination in the presence of G. A. 2.9x10-5 M 


Treatment % Germ. S. D. 
Water (Dark) 12.0 6.3 
Water +R 44.0 5:5 
Water + FR 5.0 3.6 
Water + R+ FR 10.6 5.2 
G. A. (Dark) 39.3 9.7 
G.A.+R 66.4 18.5 
G. A. + FR 24.8 7.4 
G.A.+R+FR 35.0 4.9 


Treatment compared P (based on “‘t” test) 


GA/GA +R < 0.001 


GA/GA + FR < 0.001 
GA + FR/GA +R+FR < 0.001 
GA/GA +R + FR Not significant 
Water/ Water + FR Not significant 


Water+FR/Water+R+FR Not significant 
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TABLE V 


Effect of time of application and dose of FR on germination in G. A. 


% Germination 


Treatment Water G. A. 2.9x10-5 M 
None 18.4 (2.8) 41.3 (4.9) 
FR 9.7 (3.5) aE 5 (5.1) 
R 49.0 (5.6) 6.0 (5.3) 
R+FR 14.0 (2.5) 1.0 (7.3) 
FR+R+FR_ 13.3 (2.2) 2.0 (6.0) 

5.0 (9.1) 


R+2FR 11.5 (5.9) 


(R+2FR) significantly differed from R and FR in G. A. (P=0.02) but not in water 
(P=0.3). 

It appears that if FR is given immediately after R then the dose determines 
whether only the R stimulation is reversed or also part of the G. A. stimulation. 
When the double FR dose is divided before and after R the same absolute dose 
of FR no longer affects the stimulation caused by G. A. This indicates that in 
addition to the absolute quantities of R and FR, the time sequence of their 
application affects the germination percentage obtained in G. A. 

Lona (1956) concluded that the mechanism of stimulation of germination caused 
by R and G.A. may be different. In order to elucidate this point seeds were 
germinated in G. A. and given R after various length of time. The results are 
given in Figure 1. It is evident that this curve which represents the sensitivity 
of the seeds towards R as a function of time when germinated in G. A., is identical 
with that obtained in water (see Evenari and Neumann 1953). This observation 
together with the fact that part of the G. A. stimulation is reversed by FR and that 
the effects of R and G.A. are additive (Tables IV and V) makes the following 
supposition probable: The pathways along which R and G. A. act on germination 
is common for at least part of the germination process, i.e. that part which is 
reversed by FR. The mechanism of action of kinetin on the other hand seems 
to be completely different from that of R. 


~) 


% GERMINATION 


~~» 
3° 


$23456 10 5 20 24 Hrs, 
Figure 1 


The change of sensitivity, with time, to red light of seeds germinated in G. A. Vertical lines 
indicate the standard deviation. 
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It was of interest to determine at what period of germination G. A. caused | 
stimulation. As will be seen from Table VI, 3$ hrs. in G. A. already are sufficient : 
to cause stimulation of germination. Moreover, when the seeds are kept in G. A. 
for 10 hrs. a maximum stimulation is obtained, the germination percentage being ' 
higher than that of seeds kept continuously (72 hrs.) in G.A. After more than 
16 hrs, in G. A. maximal stimulation is no longer obtained. It appears, therefore, - 
that G. A. affects the processes leading to germination during two different periods. 
The first period from 3—10 hrs. after the seeds were put in water and the second 
from 10 hrs. onwards. 


TABLE VI 


Germination % of seeds transferred after various times to or from G. A. (2.9x10-5 M) 


Time % Germination 
(in hrs) To G.A. From G. A. 
1 42 (9.3) 
14 21 (5.1) 
2 50 (6.0) 
3 49 (12) 
34 38 (11.9)* 
4 47 (13) 
5 46 (14.5)* 
6 55 (11) 
7 55 (8.1) 
10 28 (9.2) 78 (7.4)** 
16 66 (11.6)*** 
24 41 (13.2) TAU PD i 
72 Water only 24, (7,3) 
72 G.A. only 52 (10.1) 


* Significantly different from water P—0.01. 
#% Significantly different from G. A. Control, P—0.01. 
*#% Significantly different from G. A. Control, P—0.05. 
None of the transfers to G. A. differed significantly from the G. A. controls. 


It may also be noted that G. A. stimulates germination even if applied 24 hrs. 
after placing the seeds in water. 

Similar experiments with kinetin showed somewhat different results. The minimal 
time of application for full stimulation (70—80%) was 10 hrs. No optimal length 
of time of keeping the seeds in kinetin was noted. However, application of kinetin 
24 hrs. after placing the seeds in water no longer caused maximal stimulation, 
germination being 40—50%. It appears therefore that for kinetin not the length 
but the time of application is of significance. 

As G. A. did not significantly stimulate hypocotyl in the dark (Table II), it was 
decided to study this effect in more detail. The effect of G. A. on excised hypocotyls 
and roots was tested. No significant differences were observed in the dark. The 
effect of light on root and hypocotyl growth in G. A. was therefore tested on entire 
seedlings. Root growth was not affected by any of the G.A. concentrations test 
(2.9 x 10-§ — 2.9 x 10°* M) in the light. 
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TABLE VII 
Effect of G. A. on the length (mm) of excised hypocotyls in different continuous light conditions 


White light .. * R 
(100 f.c.) (0.5 f.c.) 
Water 5.9** ——-:14.,0** 
G. A. 2.9x10-5M 14.6* 15.8* 
: G. A. 2.9X10-4M 14.6* = 


Figures marked * are significantly different from their respective water controls (P=—0.001). 
The figures for white and red light (marked **) differ significantly (P < 0.001) from each other. 


The results obtained with hypocotyls are given in Table VII. G. A. significantly 
stimulates the growth of hypocotyls in light at concentrations of 2.9 x 10° and 
2.9 x 10° M. White light is not essential nor were high intensities required as R' 
alone at a very low intensity suffices to stimulate growth. The red filter used in 
these experiments was a Chance OR.2 filter transmitting from 600mp onwards. 
Lower concentrations of G. A. than those given in Table VII were ineffective. 

The next step was to test if R affected the growth of hypocotyls differently when 
applied at different times. For this purpose the seeds were irradiated with R 
continuously for 24 hrs. at different periods during their 72 hrs. germination. The 
results are given in Table VIII. It will be seen that all the treatments in G. A. 
result in increased hypocotyl growth as compared with water. The period at which 
R is given seems also to be of importance. 


TABLE VIII 


The influence of R Given continuously for 24 hrs at different times during a 72 hrs period 
on the length (mm) of hypocotyls. Concentration of G. A. was 2.9x10-5 M. D signifies dark 
period. Numbers in brackets give standard deviation 


Ist 24 2nd 24 3rd 24 Hypocotyl P 
hrs. hrs. hrs. length 
Water R D D 6.7 (3.5) 0.001 
G. A. R D D 12.0 (5.0) 
Water R R D 7.5 (3.6) 0.001 
G. A. R R D 12.2 (6.1) 
Water R R R 8.2 (3.9) ' 
GA. R R R 10.6 (5.4) 0.02 
Water D R D 2.9 (2.9) 0.001 
G. A. D R D 8.2 (5.3) 
t D D R 4.9 (5.1) OS: 
ha ts D R 8.55 (7.0) 0.02—0 ie 
: Statistical he naan of the ary Le andi treatments based on ¢ ick auail, 
ide RDD/DRD 0.01—0.001 
ignif. 
Deas RDD/RRR Sal arnt 
RDD/DRD 0.01 
RDD/DDR not signif. 


DRD/DDR not signif. 
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THE OCCURRENCE OF CHLAMYDOMONAS IN MASS CULTURE 
OF CHLORELLA VULGARIS 


A. M. Maver and E. BAMBERGER 


Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


Heavy infections of Chlamydomonas in Chlorella mass cultures are reported. These 
infections are shown to develop only when temperature conditions favour the infectant 
algae. The Chlamydomonas did not excrete substances toxic to Chlorella. It is concluded 
that infections can only occur if the temperature optima for growth of the infectant 
alga and Chlorella differ appreciably. 


In previous papers (Mayer and Evenari 1955; Mayer, Eisenberg and Evenari 1956) 
it was reported that the mass culture methods used showed no infection by other 
organisms. In the present paper it is intended to report on the interference in mass 
culture of Chlorella vulgaris by Chlamydomonas. 


METHODS 


The mass culture was conducted in the tank previously described using the paddle- 
stirrer (Mayer, Eisenberg and Evenari 1956). The only changes were the following : 
The tank used was built of 4 mm sheet iron instead of concrete and the paddle- 
stirrer was operated directly by belt transmission to a motor, the shaft emerging from 
the tank through a waterproof gland. These changes caused smaller temperature 
lags and greater fluctuations than previously reported, but stirring was more 
accurately controlled. 

The culture medium was as previously described. In some cases the ammonium 
sulphate was replaced by potassium nitrate, having an equivalent N content. 

The growth in mass culture was determined as previously described. 

Parallel to the mass culture, samples were removed from the tank to indoor 
cultures. These were conducted in constantly shaken Roux bottles, having an 
illumination of 400 f.c. and receiving a constant stream of air + 5% CO,. The 
temperature of the indoor cultures was between 25—29°C. In mixed cultures the 
Chlamydomonas part of the population was estimated as follows : 

The Chlorella cells were first counted. The mobile Chlamydomonas cells were then 
immobilized by adding a drop of chloroform to the culture and the total count 
determined. The Chlamydomonas was determined by difference. Chlorella vulgaris 
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(Hopkins strain) was used throughout the experiments. This has a temperature 
optimum for growth of about 25—30°C (Burlew 1953). The Chlamydomon 
infection was not further identified. It was easily differentiated from Chlorella by 
size and shape, being much bigger. 

The experiments were conducted in the period January—May, 1957 in Jeru-- 
salem. This period was distinguished by an exceptionally cold winter with lower: 
than normal temperatures. Heavy snow marked this winter. The temperatures of! 
the outdoor tank were therefore very low, and variable. 


RESULTS AND DISCUSSION 


First observations were made in Jan.—Feb. 1957. The temperature of the tank 
normally reached 9°C at 9.00 in the morning. The Chlorella hardly showed 
any growth, reaching a maximum of 110 cells/mm*. When the culture was a fort- 
night old, Chlamydomonas began to appear. The dry weight of the culture now 
rose but no steady yields could be obtained. The yields were almost entirely 
Chlamydomonas. The nutrient medium in this run contained KNO. After five 
weeks the tank was emptied and the experiment repeated. A run of one month 
was conducted. The results were entirely similar although the Chlorella reached a 
somewhat higher concentration — up to 600 cells/mm’. During both runs, the pH 
of the culture was corrected by the addition of nitric acid, keeping it in the region 
of pH 6.5. 

Shortly after the start of the run samples were removed from the tank and taken 
to the indoor cultures for comparison in growth. Under the conditions prevailing 
indoors, at a temperature of 27°C, the Chlorella grew rapidly, outstripping and 
later completely depressing the growth of the Chlamydomonas. Some typical com- 
parison of indoor and outdoor growth is given in Table I. The outdoor tank 
yielded in this period a total yield of 103 g dry weight as compared with normal 
yields of 40—60 g per day. The indoor culture could be harvested daily, giving 
a yield of about 0.1 g/100 ml culture solution/day, half the culture being harvested. 

These experiments were repeated, this time using the normal culture medium, 
containing ammonium sulphate. The following changes were also made. The 
outdoor culture was stirred day and night and given a continous CO, supply to 
bring it closer to the conditions of the indoor culture. The indoor cultures were 
given two treatments. Half were given the continuous air CO,-stream as already 
described. The other half were given pure CO, for one hour per day as had been 
the practice in the mass culture tank. Throughout the experiments the pH of the 
cultures was controlled and kept both indoors and outdoors in the range 6.0—6.5 
The mean midday temperature of the outdoor tank was 16—18°C, that of the 
indoor cultures 27°C. The results are summarized in Table II. It will be seen that 
giving continuous CO, and stirring continuously did not affect the ratio of Chlamy. 
domonas to Chlorella in the outdoor culture. The motility of the Chlamydomona. 
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was somewhat affected, decreasing with the increasing CO, supply. This effect on 
motility was also observed in the indoor cultures. 

In the indoor cultures the rate of growth of both organisms was determined 
by the amount of CO, given. The Chlorella, however, rapidly outgrew the Chla- 
mydomonas, and the ratio was markedly in favour of Chlorella. The Chlamydomonas 
did, however, show some growth in contrast to the previous experiment (cf. Table I 
and II). The cause for this is not clear. 


TABLE I 


Growth of Chlorella and Chlamydomonas in indoor and outdoor cultures 


Date Cell count/mm! — outdoors _ Cell count/mm'* — indoors 
Chlorella Chlamydomonas Chlorella Chlamydomonas 
27. 11.57 60 = eee e 
3.111.57 510 250 — — 
11,111.57 700 250 700 250 
12.111.57 610 400 2410 0 
14.11.57 354 400 13200 0 
TABLE I 


Growth of Chlorella and Chlamydomonas in indoor and outdoor cultures 
under different treatments 


Outdoor Indoor 
~ Date ‘Treatment Cell Count Treatment Cell Count/mm> 
Chlorella Chlamydo- Chlorella - Chlamydo- 
monas monas 
17.1V.57 Normal 800 400 800 400 
continous : 
CoO, (1) 2660 400 
18.1V.57 Normal 600 240 CO, fur- 
ther (2) 600 260 
19.1V.57 N ] 650 300 (1) 8500 rae 
: Wait (2) 650 320 
AV. N ] 1000 250 1) 13000 2000 
21.1V.57 orma a hy nie 
23.1V.57 From 21.1V.57, 1200 400 
- continous 
stirring & CO, 
28.1V.57 Continous 1340 400 


stirring & CO: 


Normal = stirring during daylight only and given CO; for one hour per day. 
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These results indicate that the temperature was the determining factor in 
control of the ratio of Chlorella to Chlamydomonas. This was further borne out b 
a continuation of the experiments in June 1957. In this period Chlamydomonas. 
was still present, the Chlorella, however, grew more rapidly and it was possible toc 
obtain appreciable daily yields composed mainly of Chlorella, although lower than: 
those obtained in previous years. In this period the midday tank temperature was 
20°C or higher. 

Despite this clear temperature effect it was deemed desirable to eliminate the: 
possibility of the lack of growth of Chlorella being due to some excretion by the: 
Chlamydomonas. 

The infected culture medium from the tank was therefore treated in three 
different ways: centrifugation and Seitz filtration, centrifugation and autoclaving, 
and centrifugation only. Growth in these media was compared with that in freshly 
prepared medium all the samples being inoculated with a fresh sterile culture of 
C. vulgaris. The results are given in Table III. 


TABLE Ill 


Growth of C. vulgaris in culture medium taken from mass culture heavily infected 
with Chlamydomonas and given various treatments 


Tank medium 


Centrifuged & Centrifuged & Centrifuged Control 


autoclaved _ sterilized by filtration only 
9.VI.57 1050 1850 1930 500 

11.V1.57 600 6300 5530 3050 

12.VI1.57 10850 15150 19000 23600 

13.V1.57 9450 13600 23350 20000 
pH 13.VI.57 4.3 She sh 4.8 
Final yield 
mg dry wt. 58.3 76.8 89.1 92.6 
Observations Small cells tending 

to clump 


From Table II it clearly emerges that there is no inhibition of growth ot 
Chlorella by culture medium in which Chlamydomonas grow. It appears that the 
medium does contain some factor which on autoclaving decomposes and somewha 
inhibits growth. The clumping obtained in untreated medium is presumably due 
to the non-sterility of this medium. This, resulting in some bacterial infection, i 
well known to cause clumping of Chlorella cultures. 

It must be concluded from these experiments that under suitable conditions heav 
infections by foreign algae are possible in Chlorella mass cultures. These infection 
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require suitable conditions, particularly of temperature. Apparently the infecting 
alga can only establish itself if its temperature optimum differs appreciably from 
that of Chlorella. Also the infectant algae must be present in adequate amounts 
in order to establish themselves rapidly. 

At the same time it is worth noting that there is some indication that the growth 
of Chlorella is depressed by the infectant alga. Thus in Jan.—Feb. 1955 (Mayer, 
Eisenberg and Evenari 1956) maximum tank temperatures were recorded between 
16 and 20°C and yields of 50 g were obtained from the tank daily. In these 
experiments in June 1957, when tank temperatures corresponded to those recorded 
in Jan.—Feb. 1955 yields did not exceed 30—35 g per tank per day. 

This depression in growth was clearly not caused by some excretion caused by 
the infecting Chlamydomonas (Table III). At present we are unable to assign 
a definite cause to this depression. It is worth noting that Chlamydomonas is 
generally regarded as being somewhat difficult to culture and requiring media 
different from Chlorella. From the work reported here it was seen that under 
certain conditions it can grow rapidly and reach very high concentrations. Several 
hundred grams of dry Chlamydomonas were harvested during these experiments. 
The Chlamydomonas during drying produced a very noxious smell entirely different 
from that of Chlorella. 
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Note added in press: 
The Chlamydomonas has been sent to Dr. R. Lewin, Woods Hole, Mass, for identification and has 


tentatively been described as Chlamydomonas snowiae. 
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THE EFFECT OF AUXIN AND ANTI-AUXIN ON GERMINATION 
OF LETTUCE SEEDS 


ALEXANDRA PoLjaKOFF-MAyYBER 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


Certain IAA concentrations can stimulate the germination of dormant lettuce seeds, 
High IAA concentrations inhibited root growth. The anti-auxin PCIB did not affect 
the germination of lettuce seeds; it also did not affect the growth of lettuce roots. 


The possibility that IAA * may play a part in the germination of seeds has been 
considered for many years. Although much experimental work was done on this 
subject, there is no agreement between the various results. Some of the results 
suggest an inhibition of germination by excess of auxins present in the seeds or 
fruits (Izard 1956, Naik 1954), while others report stimulation of germination by 
IAA (Hoffschlag 1948, Gerrard 1954). The controversy regarding the role of IAA 
in germination, therefore, still exists and no final conclusions can be reached 
(Audus 1953, Leopold 1955) Soeding and Wagner (1955) have suggested the idea 
that though IAA treatment does not affect the germination of non-dormant seeds, 
it nevertheless may stimulate dormant seeds. This did not prove to be right for 
Poa seeds. However, it was considered worthwhile to test this idea on lettuce seeds. 

Seeds of the light sensitive variety Grand Rapids were used. The effect of IAA 
treatment was tried on two lots of seeds. One was purchased in 1954 from Ferry- 
Morse Seed Growers, California. The year of harvesting of this lot is not known, 
but is was apparently a few years earlier, as the California seeds were non-dormant, 
their dark germination being 60—80% at 26°C. The second lot was locally grown 
and harvested in 1954. The local seeds were very dormant and their germination 
under the same conditions was 4—10%. 

The two lots of seeds were germinated in parallel, in various concentrations 
of sodium salt of IAA (fH 7.0) in the dark. The germination tests were carried 
out in Petri dishes, on filter paper and the percentage germination was calculated 
after 48 hours at 26°C. The experiments were repeated several times during two 
periods, June-July, 1955 and February, 1956. As there was no difference between 


* The following abbreviations are used: IAA — Indolyl-3-acetic acid; PCIB— 4-chloro- 
phenoxy-isobutyric acid. 
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the results of these two periods, all the results were pooled and they are sum- 
marized in Figure 1. 


Germination as percent of control 


10-18 10-10 10-8 10-¢ 10-4 10-2 
IAA concentrations 


Figure 1 

The germination of dormant (A) and non-dormant 

(B) lettuce seeds in various concentrations of IAA. 

The results are expressed as per cents of water cont- 

rols) Mean water controls for lot A—-8%; mean 

water controls for lot B— 75%. 

The significance of the effect of various concentrations of IAA on the percen- 
tage of germination of the two lots of seeds has been tested by the Quenouille’s 
“point pair” test. In the dormant seed curve there are seven “point pairs”, 
a number which would be reached or exceeded by chance only five times in 
100 trials. The association of percentage germination with concentration of IAA 
is, therefore, statistically significant. It is of a curvilinear type — first either in- 
creasing or stable, later decreasing. This is not the case with the non-dormant 
seeds. In their curve there are only five “point pairs”. The association of percen- 
tage of germination with IAA concentration is, therefore, not significant. The 
possible significance of the two peaks of curve A is not dealt with by this statistical 
treatment. As is seen from Figure 1, curve B is on the same level as the water 
controls, while curve A is on a much higher level. Evenari and Mayer (1954) also 
germinated the lettuce seeds in IAA (acid) solutions. They could not find any 
stimulation of germination. On the contrary, IAA proved to be an inhibitor. The 


80 A. POLJAKOFF-MAYBER Bull. Res. Counc. of 


seeds used by Evenari and Mayer were not very dormant, their dark germinatiom 
being of the order of 40%. Dormancy here refers to the whole lot of seeds. 
A dormant lot is one that contains a low percentage of seeds ready to germinatet 
in optimal conditions of temperature and humidity, while a non-dormant lot 
contains a high percentage of such seeds. The “degree” of dormancy of every; 
single seed is not considered here. It seems from the results of this paper that: 
there is a certain stimulating effect of some IAA concentrations on the germination’ 
of very dormant lots of lettuce seeds. IAA does not affect the germination of 
non-dormant lots, except at concentrations higher that 10°° M, when it always: 
shows an inhibiting action. It may be mentioned here that neither the non- 
dormant nor the dormant seeds contain any apparent free IAA (Poljakoff et al, 
1957). They do, however, contain several neutral growth promoting substances 
(Blumenthal-Goldschmidt — unpublished). 

There is a remote possibility of the IAA being somehow linked with the activity 
of copper containing oxidative enzymes. This is suggested by the work of Ostrovskaya, 
(1956), who showed the stimulation of germination by IAA in rice seeds with a low 
copper content. No such effect existed in copper-rich seeds. 

The occurrence of germination is determined by root emergence, which involves 
root growth. The effect of the various IAA concentrations on root growth in the 
two series of experiments was therefore also investigated. (Figure 2). The significance 
of the association of average root length (of seeds which germinated) with con- 
centration of IAA has been tested by Tukey’s “corner test” (Quenouille 1952). 
The score obtained is —11.5, A value of 11 would already be reached or exceeded 
by chance only five times in 100 trials. Therefore the association is statistically 
significant. It decreases first slowly and later steeply. Increasing concentrations of 
IAA inhibit, therefore, the growth of roots in dormant and non-dormant germina- 
ting lettuce seeds. 


Mean length of root in mm 


10-11 10-8 10-7 10-5 10-3 
IAA concentrations 


Figure 2 
Mean root length, in millimeters, of dormant (A) and 
non-dormant (B) lettuce seeds germinated in various 
concentrations of IAA. 
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The effect of the anti-auxin PCIB on germination and root growth was investi- 
gated on the dormant lettuce seeds (Table I). The results of the PCIB treatments 
were compared to the water control with the aid of a “‘t” test. None of the diffe- 
rences is statistically significant. PCIB, therefore, does not affect germination of this 


lot of seeds. It also does not affect the growth of roots of lettuce seedlings grown 
at 20°C in the dark. 


TABLE I 


The effect of PCIB on germination and root growth of lettuce seeds 


Molar concentration of PCIB 


Percent germination 
None 10-12 10-11 10-10 10-8 10-8 10-7 10-6 10-5 10-4 10-8 10-2 
1.05£5.7 9.8£48 75445 8542.5 8143.5 4243.1 5.7423 6943.3 7,745.38 7,843.4 3.22%1.8 1,441.2 


Root length in mm 
5.72.2 7,721.6 692.6 6.22.2 6121.7 5641.0 6.31.5 65+1.8 5.9421 10.2+2.2 5.0£1.8 06+£0.6 


In summarizing it may be said that some IAA concentrations can stimulate the 
germination of dormant lettuce seeds. None of the IAA concentrations used stimu- 
lated root growth. Inhibition of root growth was observed only at the higher IAA 
concentration. The anti-auxin PCIB does not affect either the germination of lettuce 
seeds or the growth of its roots. 
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THE EFFECT OF EOSIN ON GERMINATION OF LETTUCE SEEDS 


ALEXANDRA POLJAKOFF-MAYBER 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


The effect of eosin in the germination of lettuce was investigated. Eosin at high 
concentrations inhibits the germination of lettuce seeds. This is not due to a hypo- 
auxinising effect. Eosin may act as a hypoauxiniser in Avena coleoptile growth, Eosin 
acts as a photosensitiser in the inhibitory effect of blue light on germination, 


Eosin has been used for a long time as a sensitizer in some photochemical reactions 
(Fieser and Fieser 1950). It also has been reported as a photosensitizer in the 
photoinactivation of auxin (Skoog 1937). Other investigators consider eosin as 
a general “hypoauxinizing” agent, not necessarily in the presence of light (Lona 
and Bocchi 1952, 1955; Bocchi 1953 a, b). 

Boas (1927) reported some peculiar effects of eosin on the geotropic response of 
roots. This effect may be interpreted as interference with normal auxin ratios. 
Bocchi (1953a) showed that eosin and indolyl acetic acid (IAA) can reverse each 
other’s effect on germination in what she calls “hyperauxinized seeds”. In a previous 
paper (Poljakoff-Mayber 1958) it has been shown that the germination of lettuce 
seeds during a certain period in their dormancy may be stimulated by IAA. It was 
considered worthwhile to investigate the effect of eosin on the germination of such 
“dormant” seeds, parallel to its effect on “nondormant” lettuce seeds, which are 
also insensitive to IAA. 

Lettuce seeds of the variety Grand Rapids were used throughout the experiments. 
The IAA sensitive seeds were locally grown and harvested in 1954 (“local” seeds). 
The nonsensitive seeds were purchased in 1954 from the Ferry-Morse seed growers, 
California, U.S.A. (”imported” seeds). 

The germination tests were carried out on filter paper in Petri dishes at 26°C 
in the dark. The germinating seeds were counted after 48 hours incubation and the 
percentage germination was calculated. 

The effect af various concentrations of eosin on the germination of the two lots 
of seeds was investigated. The results are summarized in Table I. None of the 
differences are significant, except the inhibition of germination caused by the 
highest concentration of eosin. At all the other concentrations there is neither 
inhibition of germination of the dormant seeds nor stimulation of the non-dormant 
ones. Preliminary experiments for investigating a possible antagonism between IAA 
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and eosin were conducted. Eosin at the concentrations of 1.44 x 10-°M did not 
reverse the inhibition caused by 10°*°M IAA on germination of the non-dormant 
seeds. IAA 10-7M, which stimulates the germination of dormant seeds, did not 
reverse the inhibition of germination of these seeds caused by eosin 1.44 x 10-? M. 


TABLE I 


The effect of various concentrations of eosin on the germination of lettuce seeds 


Local seeds Imported seeds 

Eosin % Germination Standard % Germination Standard 

cone. deviation deviation 
0 (water control) ap 5.1 42.5 5.2 
1.44 x 10-5 M 5.9 4.8 40.5 5.9 
1.44 x 10-7M 5.4 4.3 41.5 12.4 
1.44 x 10-6 M 3.7 2.2 49.0 15.9 
1.44 x 10-5M 8.1 7.0 47.0 13.8 
1.44 x 10-*M 6.4 6.0 41.0 3.0 
1.44 x 10-°M 0.6*) 0.6 5.0*) 5.8 
% 


= Significantly different from the respective water control (P=—0.001). 


TABLE II 


The effect of various IAA and eosin concentrations on the extension growth of Avena coleoptile 
and Pea stem sections. These results are expressed as percent of initial length. 


.|0 1.44x10-8 1.44x10-7 1.44x10-6 1.44105 1.4410-4 1.44x10-3 


Avena coleoptile sections 


121 122 122 125 113 113 104 


1) 

1. 152 131 139 136 128 116 107 
a 146 149 136 136 131 114 104 
5.0 142 — 153 147 136 132 115 106 


Pea internode sections 


ee 


107 111 106 111 111 111 108 


0 

: 136 128 132 137 136 110 104 
25 144 129 123 122 132 116 104 
5.0 


126 130 112 122 119 118 107 


No antagonistic effect of IAA and eosin could be demonstrated in the germi- 
nation of lettuce seeds. Their combined effect on growth was therefore investigated. 
Avena coleoptiles and Pea internode sections were used in the conventional extension 
growth test using 5 mm long sections. The results are summarized in Table II. 
From these results it seems that eosin alone does not affect the growth of pea stem 


* 
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sections but inhibits the growth of Avena coleoptiles. The inhibitory concentrations: 
are from 1.44 x 10° M and above. Linser (1955) reports inhibition of growth of! 
Avena coleoptiles by eosin concentration of 10%, which is equivalent to: 
1.44 x 10°°M. It must however be kept in mind that Linser used a completely, 
different growth test which may possibly explain the difference. It follows from: 
Table II that high eosin concentrations (1.44 x 10 and 1.44 x 10°° M) markedly 
reverse the growth stimulation caused by IAA in both growth tests used. Therefore, 
eosin may be considered to certain extent as an JAA antagonist or “hypoauxinizing 
agent”. But this antagonism is not apparent in the IAA induced germination 
mechanism of lettuce seeds. 

The germination of the Grand Rapids seeds is controlled by some photochemical 
reaction sensitive to Red and Far Red radiation (Borthwick et al. 1952, Evenari 
et al. 1953), while blue light was considered neutral. Recently Evenari et al. (1957) 
proved its effectiveness in inhibiting and stimulating germination of lettuce seeds. 
Eosin’s absorption spectrum is in the blue-green region. Therefore its effect as 
a photosensitizer of the effect of blue light on germination of lettuce seeds was 
investigated. The local “dormant” lettuce seeds were germinated in water and eosin 
in the usual way, in the dark, but after one hour of incubation they were illuminated 
for 5 minutes with blue light and returned to darkness. The blue light was 
obtained by filtering white light of 500 f.c. at the seed level through a filter. 
The filter used was Corning Glass No. 5113 violet filter. Its transmission is 
bettween 350 and 480 my and above 2000 mp» with a peak at 400—420 mu. 
The results are summarized in Table III. Within each series only the highest 
eosin concentration differed significantly from the water control, thus confir- 
ming again the results of Table I. Between the two series, concentration of 
1.44 x 10°°M and 1.44 x 10M eosin in blue light, significantly inhibited germi- 
nation as compared with those without blue illumination, the significance being 
at the level of 1.0 percent. The effect of eosin of 1.44 x 10°M and blue light 
was only at the level of 5 percent significance. 


TABLE III 


The effect of eosin and blue light on the germination of local lettuce seeds 


Eosin only Eosin and blue light 

a % Germination S.D. °%, Germination S.D. 
0 157, 4.6 9.8 4.1 
1.44 x 10-8 22.8 10.0 7.6 7.0 
1.44 x 10-7 20.4 9.9 8.1 4.0 
1.44 x 10-6 10.1 8.0 7.4 6.2 
1.44 x 10-5 19.6 *## 6.7 11.2 ### 7.2 
1.44 x 10-4 27.9 *# 13.0 9,1 ¥* 4.4 
1.44 x 10-3 8.0 *,## 3.0 1.8 *,** 1.0 


* Significantly different from the respective water controls (P—0.01). 
** Significantly different between the series (P—0.01). 
*** Significantly different between the series (P—0.05). 
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In conclusion it may be said that eosin does not affect the germination of lettuce 


seeds except at very high concentration when its effect is inhibitory. IAA does not 
reverse this inhibiting effect of eosin. A reversal of IAA stimulation by eosin does 
exist in the effect on straight growth of coleoptile and pea stem sections. Eosin 


may also serve as a photosensitizer in inhibition of germination of lettuce seeds 
by blue light. 
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SOME FURTHER STUDIES ON THE DIRECT OXIDATION 
OF GLUCOSE IN GERMINATING LETTUCE SEED 


A. PovjakorF-MaAyBeR and A. M. Mayer 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


Glucose 6-phosphate and 6-phospho gluconic acid dehydrogenases were shown to be 
present at a high level in dry seeds and decreased in activity with time of germination. 
A shifting metabolic pathway is suggested. Neotetrazolium chloride from various sources 
showed different sensitivity to the malic dehydrogenase system. 


In a previous paper (Mayer et al. 1957) it was suggested that a direct glucose 
oxidative mechanism might function in germinating lettuce seeds. In the present 
study the changes in glucose 6 phosphate (G6-P) and 6 phosphogluconic acid (6-PG) 
dehydrogenases were followed during germination. The neotetrazolium reduction 
method of Glock and Jensen (1953) was used throughout the experiments. The 
determinations were made in seed or seedling homogenates, which were prepared 
as previously described (Mayer et al. 1957). 

During the investigation it was found that various sources of neotetrazolium 
chloride showed different response to the dehydrogenase action. Neotetrazolium 
chloride from various firms was therefore compared for sensitivity as hydrogen 
acceptors for malic dehydrogenase in the presence of DPN. The results are 
summarized in Table I. Due to the very large differences in the sensitivity of the 


indicator dye, neotetrazolium from one firm only, Light, was used throughout the 
experiments. 


TABLE I 


The activity and solubility of neotetrazolium chloride from different commercial firms. 
Activity determined as reduction by the malic dehydrogenase system from lettuce seedlings. 


Activity as y neotetra- 


__ Commercial firm Description of salt Solubility zolium chloride reduced 
1. Light and Co. Ltd. Light yellow powder v. soluble in cold water 64 
2. T. Gurr Ltd. Light yellow powder v. soluble in cold water 57 
3. Bios Lab. Inc. Greyish-brown powder soluble in hot water 46 
with residue 
4. N.B.Co. (1st sample) Brownish-yellow soluble in hot water 39 
powder with residue 
5. N.B.Co, (2nd sample) Dark brown powder _ sparingly soluble in hot 37 


water. Large residue 
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The change in G.6P and 6.P.G. dehydrogenase activity with increasing length 
of germination time is given in Table II. The results are expressed as y neotetra- 
zolium chloride reduced during 3 hours of incubation at 26°C. 

A consideration of Table II shows that there is no statistically significant rise 
of dehydrogenase activity with increasing time of germination. G6-P and 6-PG 
dehydrogenase have approximately the same activity. Both show higher activity 
in dry seeds, than either malic or succinic dehydrogenases (Mayer et al. 1957). 


TABLE Il 


Change in dehydrogenase activity with increasing time of germination. 
Results expressed as Neotetrazolium chloride reduced. 


Enzyme activity 


Length of Germination 6-PG G 6-P 
Dry seeds 31.0+6.0 25.3+5.9 
24 hours 26.0+5.8 22.0+3.6 
48 hours 38.0+13.0 41.6+4.1 
72 hours 45.0+21.0 33.4+7.6 
96 hours 20.0+7.4 27.64£5.5 
The final concentrations were: 

Substrate .013 
TPN .0033% 
Dye 13% 


Total volume 4.5 ml. pH 7.3. 
None of the differences are statistically significant. 


This suggests that the direct oxidative pathway of glucose may be of particular 
significance in the germination process proper and early stages of growth. It has 
been previously shown that sucrose is the first substrate oxidised during this period 
(Poljakoff-Mayber 1952). In the later stages of seedling growth the glycolytic and 
Krebs cycle mechanism develop rapidly (Mayer et al. 1957, Poljakoff-Mayber 1955). 

As the number of cells of every seedling increases with growth, the lack of change 
in the activity of the two dehydrogenases studied actually indicates a decrease in 
their activity per cell. Consequently, a change in oxidative pathways during 
development suggests itself. 
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THE JOINT ACTION OF THIOUREA AND COPPER 
ON THE GERMINATION AND GROWTH OF LETTUCE 


A. M. Mayer and A. PoLjakorr-MaAyBER 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


A germination stimulation by copper chloride given for short periods of time is reported. 
This effect appears to be different and independent from the stimulation caused by 
thiourea. 


In a previous paper the physiological action of thiourea on germination and growth 
was discussed (Poljakoff-Mayber et al. 1958). As it is known that thiourea acts as 
a copper chelating agent it is possible that copper modifies the physiological action 
of thiourea. 

It was intended to test whether copper could reverse the growth inhibition and 
or the germination stimulation of lettuce caused by thiourea. 

The effect of copper alone on the germination and growth of lettuce is not 
known. To clarify this, the effect of copper chloride on these processes was studied. 
Lettuce seeds, variety Grand Rapids, were germinated as previously described 
(Poljakoff-Mayber et al. 1958), in various concentrations of copper chloride. The 
results are summarized in Table I. It will be seen that high concentrations of copper 
inhibit germination and growth while low concentrations have no effect. Although 
it appears that the concentrations 10-*, 10-°* M copper show an optimum effect on 


germination and hypocotyl growth, the differences from the controls were found 
to be statistically non-significant. 


TABLE I 


Effect of CuCle on the germination and growth of lettuce after 72 hours germination 
at 26°C in the dark. 


Copper cone. Mean Mean root Mean hypocotyl 
M % germination length length 
0 51.6 Py) de 
10-8 44.0 uk he: Sue 
10-7 46.6 12.0 57 
10-6 51.0 153 5.7 
10-5 55.8 12315 7.65 
10-4 58.0 6.2 7.0 
10-3 51.6 1.4 yaa 
10-2 0 0 0 
10-1 0 0 0 
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As copper and thiourea react in solution, giving a precipitate, it was impossible 
to apply them together to the seeds. It was therefore attempted to place the seeds 
in solutions of copper and to transfer them after various time intervals to thiourea, 
and vice versa. The length of time of application of thiourea needed to give 
optimal germination was determined. It was found that seeds transferred after 
24 hours from thiourea 5 x 10? M to water, gave maximal germination. This was 
about 90% as compared with 40% for water controls and 70—80% for shorter or 
longer periods in thiourea. 

Seeds were therefore germinated for 24 hours in thiourea and then transferred, 
in blue light, to various concentrations of copper chloride and incubated for 
a further 48 hours at 26°C, Germination and growth were then determined. Copper 
chloride concentrations 10-*, 10-3, 10-*M did not modify the effect of thiourea on 
growth or germination in any way. 

As it was possible that the copper was at once precipitated at the seed surface 
by the thiourea already present, the procedure was reserved. Seeds were germinated 
for 24 hours in copper chloride of the above concentrations and then transferred for 
a further 48 hours to thiourea. Again the copper chloride did not change the effect 
of thiourea. However, seeds transferred after 24 hours from copper chloride to 
water appeared to germinate to a higher percentage than water controls, especially 
at 10°? M CuCl, (Water control 57%, CuCl, 10°? M 84%). The effect on growth 
was as in Table I. It was therefore decided to investigate whether CuCl, could 
indeed stimulate germination, and what was the optimal time of application. 

Seeds were transferred from 10°? M CuCl, to water after various time intervals 
during the first twenty-four hours of germination. The results showing the germi- 
nation percentage after 72 hours are given in Table II. 


TABLE II 


% germination of lettuce seeds transferred from CuCl:10-? M to water after various lengths 
of time. Germination carried out at 26°C in the dark. 


Time in CuCl. % Germination 
at 72 hrs. 
0) 56 
15 min 45 
30 min 34 
60 min 55 
90 min 50 
2 hrs 69 
24 hrs 50 
3 hrs 53 


From Table II it will be seen that two hours in CuCl, 10-? M cause a stimulation 
of germination. This stimulation is significant at the 2% level as compared with 
water controls. It will be seen therefore that the same copper concentration can 
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stimulate or inhibit germination, depending on the length of treatment with CuCl,., 

It can be inferred Cu++ ions have some function in the germination process... 
Thiourea can chelate Cu++ ions and is present in appreciable amounts in seeds: 
treated with it (Mayer 1956). 


The failure of Cu++ ions to reverse the action of thiourea on germination and| 
growth suggests that the mechanisms of action of the two substances are not: 


directly related. Therefore the stimulation of germination caused by Cu ++ ions: 
and by thiourea is presumably also due to separate mechanisms. 

It was previously suggested (Mayer et al. 1957) that the metabolic pathways in 
germinating seeds are very flexible and given to change by different treatments. 
It seems possible therefore that the results here obtained can be explained on a basis 
of shifting metabolic pathways. It could be suggested that Cu ++ ions and thiourea 
each can divert the metabolism of the seeds along different paths, to the same final 
result — germination. 

This hypothesis is being further investigated. 
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SOME FURTHER INVESTIGATIONS ON THE GROWTH ACTIVE 
SUBSTANCES EXTRACTABLE FROM DRY LETTUCE SEEDS 


SHULAMITH BLUMENTHAL-GOLDSCHMIDT * 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


Dry lettuce seeds contain a variety of growth active substances. These substances have 
different solubility properties. Alcohol, water and alcohol-water mixtures were used as 
extraction media. Different solvents extracted substances of different properties, Water- 
alcohol mixtures extracted more substances than any of the other media. 

It is not certain whether the substances extracted in water or water-alcohol were in 
their natural form or whether they were liberated enzymatically or otherwise during 
the extraction. 


Dry lettuce seeds contain no free IAA, but it is possible that they contain a precussor 
which liberated IAA during the extraction in water. 

In a previous paper (Poljakoff-Mayber et al. 1957) two acidic growth inhibitors 
were reported from alcoholic extracts of dry lettuce seeds. Wareing and Foda (1956) 
also reported growth inhibitors extracted from lettuce seeds. The location of these 
two inhibitors on the chromatogram was very similar in this work and that of 
Wareing. The extraction methods were different however. Wareing and Foda (1957) 
used water extracts of material previously extracted with ether while we used 
alcoholic extracts. It was decided, therefore, to try to compare several methods 
of extraction in parallel and to investigate the effect of the extractable substances 
on germination of lettuce seeds and on the growth of their roots. 


MATERIAL AND METHODS 


Lettuce seeds, variety Grand Rapids (G. R.) were used. The seeds were purchased 
from Ferry-Morse Seed Growers, California, in 1954. 25 g lots of dry seeds were 
used in every one of the three different methods of extraction reported below. 

(a) The seeds were put into boiling absolute ethanol, ground in a mortar and 
extracted at —8°C for twenty-four hours. 

(b) The seeds were put into boiling absolute ethanol and an equal amount of 
water added. The seeds were ground in a mortar and extracted at 4°C for twelve 
hours. " 

(c) The dry seeds were ground in a mortar at room temperature and extracted 
in cold water at 4°C for two hours. 

After the extraction was finished, the liquids were separated from the solids 
by means of centrifugation. The solids were washed twice with the solvent used 
for extraction. The solutions were collected and evaporated under reduced pressure 
to an aqueous syrup. ; 

* This paper constitutes part of a Ph. D. Thesis to be submitted to The Hebrew University of Jerusalem. 
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Dry peroxide-free ether was used in the following treatments. 


The three extracts obtained were treated as described in the following schemes: 
(Figures 1 and 2). 


Figure 1 
The procedure of the extraction method a 


Extraction with absolute ethanol 
Centrifugation 
& evaporation 
Water 
Acidified (pH 3) saturated 
with glucose & extracted 
with ether thrice 
| 


i 
Water Ether 
Brought to pH 7.4 


: Extr. with 5% sod. 
soil with ether bicarbonate (5 times) 


| | | 
Water Ether Water Ether 


Fraction IT acidified to pH 3 _ discarded 
& extr. with 
ether thrice 
| | 
Water Ether 
discarded Fraction I 


discarded 


A — Extract (a) (Figure 1) was further treated as previously described by Poljakoff- 
Mayber et al. (1957). The resulting acidic fraction is designated as Fraction I. 
The water residue of the first ether extract was neutralized with N/1 NaOH te 


pH 7.4 and extracted three times with ether. The combined ether extract is desig- 
nated as Fraction II. 


B- Extracts (b) and (c) were treated as follows (Figure 2) : 


Figure 2 
The procedure of extraction methods b and c. 
Extraction with ethanol water (1:1) or water 
Centrifugation and 
evaporation 
Water 
Saturated with glucose (pH 6) 
& extracted with ether thrice 


Water te 
acidified (pH 3) Fraction I 
& extr. with 
ether 
| 
Water Ether 


Brought to pH 7.4 
& extr. with 
ether thrice 


Fraction II 


Water ps 
discarded Fraction III 
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I. The original extracts (pH 6) were saturated with glucose and extracted three 
‘times with ether. These ether extracts were Fractions I(b) and I (c). 

II. The aqueous residue of the above extracts was acidified with concentrated 
Phosphoric acid to pH 2.8—3.0, saturated with glucose and extracted with ether, 
giving Fractions II (b) and II (c). 

III. The aqueous residue, after extracting Fractions II, was neutralized with N/1 
NaOH to pH. 7.4 and extracted three times with ether, giving Fractions III (b) 
and III (c). 

The final ether extracts were reduced in volume to 0.5—1 ml and put on What- 
man No. | paper strips. The strips were 10 cm wide and 57 cm long. The extracts 
were applied to the paper on a line 9.5 cm long, 7 cm from the edge. Every 
fraction was quantitatively divided between two strips. 

The chromatograms were run in isopropanol-ammonia-water (10'1:1) for 20 hours, 

using the descending method. After the solvent had run 45—50 cm the chromato- 
grams were dried and every one of them was divided longitudinally into two strips. 
Thus, every strip represented 6.25 g initial material. These strips were cut horizon- 
tally according to their fluorescence in U. V. light and the biological activity of the 
different areas of the chromatograms was tested in the following biological assay 
‘methods. 
1. Avena coleoptile extension test, as described previously (Poljakoff-Mayber 
et al. 1957). 
2. Lettuce seed germination test. Seeds of the variety G.R. were sown in the 
dark for 24 hours at 26°C. Ungerminated seeds were taken out and peeled, this 
being done at 26°C and in inert blue light. 25 such peeled seeds were put into each 
of the Petri dishes containing the parts of the chromatograms tested. The dishes 
were put into dark for another 24 hours. Then the germinated seeds were counted 
and the percent germination calculated. 

This procedure enabled us to eliminate the fluctuations of germination percentage 
in the dark. All the normally dark germinating seeds, completed their germination 
in 24 hours. Germinability of the seeds which did not germinate during the 24 hours 
period, was increased by peeling (Evenari and Neumann 1952). The resulting 
percent of germination of the controls after further 24 hours was then very con- 
stant — around 50%. 

3. Lettuce root growth. The length of the roots of the above mentioned germinated 
seeds were measured and the mean length was calculated, taking into account only 
the number of the seeds that did germinate. 


EXPERIMENTAL RESULTS 
Acid Fractions — Table I 


Fraction I from method ‘a’ of extraction and Fraction II from method ‘b’ of 
extraction yielded three inhibitors af Rf’s 0.05—0.15, 0.40—0.60, and 0.90. 
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TABLE I 


The biological activity of acid substances extracted from dry lettuce seeds by various 
methods of extraction 


0.05—0.15 


0,10—0.30 


0.40—0.60 


0.70—0.85 


softs. fe a 4 Y 0.90 = 
Mathed > Bato OS Oath Be BPEeBRAEG" EG“ REG. €zkR G 
ofpextrachon, © oT oe BS ee Se eS oe = = : 
Alcohol = aaa 2 ees & =. 2 
"(Fraction 1) I I I I None I I None I? 
Alcohol water re HRS Ages | woot BEN 2-5°P 3S cl Nome 1? 
(Fraction IIb) é 
Water 
Mei py PP St et sine Skeet esse Fee 
C — Coleoptile extension growth test I — Inhibition 
R — Root growth test — — The zone did not show any activity 
G — Germination test None — No effect in this special test 
P — Promotor 
TABLE II 
The biological activity of the neutral substances extracted from dry lettuce seeds by various 
methods of extraction 
Rf 0.05—0.20 0.20 0.40 — 0.45—0.50 0.55—0.80 0.85 0.80—1.00 
Mathod » GR Greer Ge ReiGe B REG ge Gansce sc R Gc RC 
ofsesivachony ye be gt Be, Eh Sa F 
Alcohol 
(Fraction II) DE at I Et t= SF = — — “— £None Pa«l —_ —-—=— IitI1ii 
Alcohol water 
(Fraction IIIb) P None None I I I I I None*® P FI I P Isl None 2d t ——— 
Water 
(Fraction IIc) o-Ps ge 7, Nones’ 2 Sl el Se — P P None I I I None I I —— — 
Ni Soe Cc ~—- Coleoptile extension growth test  « I — Inhibition F): Do. die a 
R — Root growth test — — The zone did not show any activity 
G — Germination test None — No effect in this special test 


P — Promotor 
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The inhibitor at Rf 0.05—0.15 is a general inhibitor, inhibiting coleoptile 
extension, root growth and germination. The inhibitor at Rf 0.40—0.60 inhibits 
coleoptile extension and germination but not root growth. Inhibitor at Rf 0.90 
inhibits mainly coleoptile extension but sometimes it also inhibits germination. Its 
effect on germination was inconsistent in repeated extractions. The (b) method of 
extraction in Fraction II yielded also two growth promoters, at Rf’s 0.15—0.30 
and 0.70—0.85. Both these substances promote the extension growth of coleoptiles 
but inhibit root growth and germination. The first one is a weak inhibitor but the 
second is a strong one. Fraction II (c) yielded a general inhibitor at an Rf 0.40—0.60 
and a growth promoting substance at the Rf of 0.10—0.30. This growth promoting 
substance promotes the coleoptile extension growth but inhibits root growth and 
germination. 


Initial Fractions 


The initial Fractions I (b) and I (c) extracted at pH 6.0 yielded very similiar 
results to those of the acid fractions. 


Neutral Fractions II and III — (Table II) 


Fraction II from method ‘a’ of extraction yielded two general inhibitors, at 
Rf 0.20 and 0.80—1.00, as well as a growth promoter at Rf 0.05—0.20. This last 
substance inhibits germination and root growth. A fourth substance at Rf 0.55—0.80 
does not affect coleoptile extension growth but inhibits germination and promotes 
root growth. Fraction III (b) yielded one general inhibitor at an Rf of 0.20 and 
another inhibitor at an Rf of 0.40. This inhibitor inhibits root growth but does not 
inhibit germination. A third substance at an Rf of 0.85 is a root growth and ger- 
mination inhibitor but does not affect coleoptile sections. In the same fraction 
three promoters were also present: one at Rf 0.10, with no effect on roots and 
germination; the other two at Rf 0.50 and 0.70—0.80 which inhibit root growth 
and germination. 

Fraction III (c) yielded very similar results to III (b) as it is evident from Table II. 

Wareing and Foda (1956) report that their zone “A” showed a bright green 
fluorescence. In extracts prepared by method (b) we found a light green zone 
which gave a bright green fluorescence. This zone was found at an Rf 0.06 in 
chromatographs of the extract syrup which was not subjected to any further treat- 
ment. It was not found in the final ethereal extract of the same extraction method 
nor in any other way of extraction. It had no biological activity in any of the tests 
used. The substances of this zone are apparently not identical with the fluorescent 
substance found by Wareing and Foda. 
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DISCUSSION 


Dry lettuce seeds contain several growth active substances which behave differently 
under different methods of extraction. It is evident from Tables I and II that the 
alcohol-water mixture extracts many more substances than each of the components 
alone. Some substances which are not soluble in either of the solvents alone dissolve 
in their mixture. 

The fact that the alcohol-water extract contains more substances than each 
solvent alone could effect the migration of the substances on the chromatogram. 
For instance, zone 0.45—0.50 of Fraction III (b) (Table II) could be a result of the 
interference of two substances; one from zone 0.55—0.80 in Fraction II, and the 
other of zone 0.40—0.50 of Fraction III (c). 


Substances which appear in similar zones on the chromatograms of different 
extracts and which show different activity could nevertheless be identical. This may 
be due to different solubility in the various extraction media which results in 
different concentration, and consequently different biological activity. Such an 
example may be found in fraction II (b) and II (c) at the Rf 0.10—0.30 (Table 1) 
where there is inhibition of germination by the water extract which does not exist 
in the alcohol water fraction. Another example is the zone at Rf 0.55—0.80 
(Table II). In Fraction III (b) there is growth promotion of coleoptiles, in Frac- 
tion III (c) growth inhibition and no effect in Fraction II. This substance may be 
a genuine water soluble auxin. At low concentrations it promotes and at higher 
concentrations inhibits growth. At very low concentrations, which correspond to 
its alcohol solubility, it does not effect coleoptile growth, promotes root growth but 
still inhibits germination. 

It is uncertain whether all these substances are extracted by the various media 
in their natural form. They may be liberated enzymatically or otherwise during 
extraction with water or water-alcohol. Thus the active substance in zone Rf 0.85 
in Fraction III (b) and III (c), (Table II), may be formed either from the substances 
in zone 0.55—0.80 or 0.80—1.0 in Fraction II, or from a completely different 


precursor, which does not appear in the chromatograms. This problem is now being 
further investigated. 


There is no doubt that each zone on the chromatogram could contain more 
than one substance. This could cause natural interference in biological activity. 
Attempts are now being made to effect better separation of the substances on the 
chromatograms. 


Various workers found a number of growth active substances in the different 
plant materials investigated. Many of these substances correspond to ours in the 
place of their appearance on the chromatogram and in their biological activity. 
Thus Lexander (1953) found in wheat roots an active substance at an Rf 0.16 
which promotes root and coleoptile growth. This substance may be similar to that 
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found here at an Rf of 0.10—0.30 (Table I). It may also correspond to that which 
Nitsch (1955) found at Rf 0.23 and postulated to be indole pyruvic acid. No sub- 
stance similar to the a accelerator (Kefford 1955) in the acidic fraction was found. 
In the neutral fraction a substance at an Rf 0.05—0.20 occurred which may be 
considered a genuine auxin, as it promotes coleoptile growth and inhibits root 
growth. 


Wareing and Foda (1956) found a growth inhibitor in extracts prepared at pH 6 
at an Rf 0.10—0.30. In this work an acidic growth promoting substance was found 
at the same Rf (Table I), which was also extractable at pH 6. The inhibitor found 
there had a lower Rf — 0.05—0.15. The other inhibitor found by Wareing and 
Foda (1956) was at an Rf 0.40—0.50. An acidic inhibitor of a very similar Rf is 
described in this paper. Kefford (1955, 1955a) and Teubner (1953) also found an 
inhibitor at a very similar Rf. This inhibitor may therefore be of a more general 
occurrence and interest in plant material. 

The neutral substance at Rf 0.85 could be indolyl aceto nitrile, (IAN) but it could 
not be identified by a colour reaction. 

As IAN is extractable to some extent in the acid fraction, the mixture appearing 
at Rf 0.7—0.85 might also be IAN. 


In a previous paper (Poljakoff-Mayber et al. 1957) it was concluded that the dry 
seeds contain no free indolyl acetic acid (IAA). In the present work a substance 
was found at an Rf 0.10—0.30, which could be IAA. This substance appears only 
in the water or alcohol-water extracts. It never appeared in absolute alcohol extrac- 
tion. It could not be identified by a colour reaction. It is reasonable, therefore, 
to think that if this substance is really IAA, it is liberated during the extraction 
from some bound form. 
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EFFECT OF RED LIGHT AND GIBBERELLIC ACID ON THE 
TEMPERATURE-INHIBITED GERMINATION OF LETTUCE SEEDS 


A. PoLjakorr-Mayser, M. Evenari and G. NeuMANN 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


Heat dormant seeds are insensitive to red irradiation, if this is given at the high 
temperature. The irradiation is effective if following the light treatment the seeds are 
transferred to a lower temperature. The presence of gibberellic acid during heat 
treatment prevents the development of full heat dormancy. The possible mechanisms 
of red light and gibberellic acid effects are discussed. 


It has been known for some time that treatment of plants with the gibberellins can 
produce effects, some of which are similar to the effects produced by red light i. e., 
mainly flowering and germination (Borthwick et al. 1954, Lona 1956, Kahn et al. 
1956, Evenari et al. 1958). Lately there was a report on the “replacement” by 
gibberellins of the secondary light requirement, in a case of temperature-induced 
dormancy, of light non-sensitive seeds (Kahn, Goss and Smith 1957). It was consi- 
dered worth while to investigate the effect of gibberellic acid on the temperature 
induced dormancy of light sensitive lettuce seeds. 

Lettuce seeds, variety Grand Rapids, were used throughout the experiments. 
The germination tests were carried out in Petri dishes on filter paper at 30°C and 
26°C in the dark. The seeds used in these experiments germinate to 30—40 percent 
at 26°C while at 30°C their germination was usually less than 5%. 

The effect of red light (R) on the germination at 30°C was investigated. Seeds 
were germinated in water at 30°C for 48 hours, then some of the dishes were 
illuminated for 30 seconds with red light. The others were kept in the dark. Half 
of the R stimulated and half of the dark plates were transferred to 26°C, while the 
other half were kept at 30°C. The germinating seeds were counted in all of them 
after further 48 hours and 96 hours of incubation. The results are summarized 
in Table I. 


TABLE I 
The effect of red light (R) in reversing the temperature 
induced germination inhibition 


Treatment Germination 
percent 

—R +R 
48 hrs. 30°C, then 48 hrs, 26°C 4.0 12.4 
48 hrs, 30°C, then 48 hrs. 30°C 3.0 3.8 
48 hrs. 30°C, then 96 hrs. 26°C 8.4 11.5 
48 hrs. 30°C, then 96 hrs, 30°C 4.2 4.0 
96 hrs. at 26°C 30.0 96.0 
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As it is evident from these results, if after illumination the seeds were transferred 
to 26°C, there was a slight reversal of the inhibition of germination caused by the 
high temperature. If, however, after illumination the seeds were returned to 30°C, 
there was not any light effect at all. From the results of Table I, it also seems that 
in the case of seeds kept in the dark and transferred to 26°C the temperature 
inhibition is slowly abolished with time. To clarify this point, seeds were germinated 
for 48 hours at 30°C and then transferred to 26°C. The germination percentage 
was counted after 2, 4, 6 and 8 days. There was no increase in germination percent 
with the increased time in 26°C. The germination percent in all these cases varied 
between zero and 8%. 

It was thought that 30 seconds of R may be too short a period in which to 
antagonize the prolonged temperature effect. The temperature treatment was 
therefore shortened, while the light treatment was prolonged. The results are 
summarized in Table II. As can be seen from Table II, the dormancy induced 
by two days at 30°C is much too deep to be reversed even by 10 minutes R, when 
the seeds are kept in 30°C continuously. If, however, after illumination the seeds 
are transferred to a lower temperature, the light is effective in reversing the 
inhibiting influence, 30 seconds or 10 minutes are equally effective in reversing 
the temperature effect. Two hours at 30°C were not sufficient to induce heat 
dormancy if the seeds are transferred at the end of the two hours to 26°C. R treat- 
ment in such a case does not differ from the ordinary light treatment under normal 
conditions. If, however, the heat treatment at 30°C is continued after the two hours 
then dormancy is induced. This heat induced dormancy is broken by light treatment 
given after two hours. Here the dose of light was of importance, 10 minutes being 
more effective than 30 seconds. 


TABLE II 


Germination percent of temperature inhibited lettuce seeds after various 
treatments of temperature and light. 


Germination percent 


Treatment 


48 hrs. 30°C, then 48 hrs. 26°C 1.5 

48 hrs. 30°C, then 48 hrs. 30°C 0.5 : 
2 hrs. 30°C, then 48 hrs. 30°C bs Ho) 29.0 50.0 
2 hrs. 30°C, then 48 hrs. 26°C 26.0 


R - red light treatment 


The effect of gibberellic acid (G. A.) on the temperature inhibition of germination 
was investigated. The seeds were germinated in various concentrations of G. A. 
for four days, either continuously at 30°C or with a transfer to 26°C. The results 
are summarized in Table III. As it is apparent from these results, only the highest 
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concentration of G. A, is effective in abolishing the inhibitory effect of the high 
temperature. It seems that at 26°C it is more effective than at 30°C, but this 
difference is statistically not significant. This high concentration of G. A. has a true 
effect in reversing the temperature induced dormancy of the seeds. Such a reversal 
coult not be achieved by R treatment that in itself is sufficient for the stimulation 
of germination under normal conditions. 


TABLE IiIl 


The effect of gibberellic acid on the temperature inhibited germination of lettuce seeds 
(Figures in brackets give the standard deviation) 


Germination percent 


T. t Gudconst Sane ler Ww oa 

res ary 0.0 001 01 1.0 100 1000 
48 hrs. 30°C, ROUIS.OAF TS.0i0HUSY SON nahO 
then 48 hrs. 26°C (12.1) 
96 hrs. 30°C OSerson-ain doidw enbDsan2:Miirav200 


(16.1) 


The combined effect of R. and G. A. on the germination was investigated. The 
results are summarized in Table IV. As it is apparent from these results, G. A. 
of the concentration of 100 mg/] always reverses the temperature induced inhibition. 
The action of G. A. and R is much more pronounced when the seeds are transferred 
to 26°C than when they are kept throughout at 30°C. 


TABLE IV 


he combined effect of red light and gibberellic acid on the temperature inhibited germination 
of lettuce seeds (Figures in brackets give the standard deviation) 


Serial GaAncone Germination percent 

értia fat - 4. iz = — 
No. | Temperature tte in mg/l waa, Feet 

and light treatment Sn} 0.0.00) 0.01. 0.1. 10 | 10.0, 100.0 
I 148 hrs, 30°C > R 30sec. > 48 hrs. 26°C/17.1 13.0 185 17.1 30.9 Bp 
II /48 hrs, 30°C —->R 30sec. > 48 hrs. 30°C| 3.9 20 20 50. 81 Hea 
ll 48 hrs, 30°C —» 48 hrs. 26°C Ogee ey Oe Sr gree 73 52.9 
(35.2) 
° VEO Res mene AS 1.6) e000 
IV 96 hrs. 30°C aan 
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All these results may be summarized as follows: Seeds made fully heat dormant 
by high temperature treatment are insensitive to R when it is given at the same 
high temperature. This heat dormancy could be broken to some extent by R if the 
seeds are transferred after the light treatment to a lower temperature. Lowering 
the temperature alone, without light treatment, has no effect on germination. 

If, however, the seeds are treated with R before developing full heat dormancy 
(2 hours at 30°C) continued heat treatment does not completely prevent germi- 
nation. 

The presence of G. A. during the heat treatment prevents the development of full 
heat dormancy. This effect of G. A. is not affected by temperature change. 

When G. A. and R treatments are combined and then the temperature is lowered, 
the effect of both treatments is additive. 

These results point to the possibility that high temperature treatment either 
brings to accumulation in the seeds of some inhibiting substance, or causes destruc- 
tion of some compound vital to germination. The longer the seeds are kept in the 
high temperature the more of the inhibitor is accumulated or stimulator destroyed. 
The temperature effect may exert its influence merely by changing the relative 
rate of various reactions which are normally proceeding in the imbibed seeds. These 
changes produce the heat dormancy. The reaction initiated by R, whatever it may 
be, is temperature sensitive. If R is applied early during .the heat treatment full 
heat dormancy cannot develop. 

As for the G. A, treatment, it was already suggested in an earlier paper (Evenari 
et al. 1958) that a part of the pathway along which G. A. and R lead to germina- 
tion, is different in each of them. This is borne out by results of this paper. 

It may be concluded, therefore, that the “replacement” by G.A. of the light 
requirement of seeds is actually a bypass of some block in the metabolism, which 
is achieved by a mechanism different from the one released by R treatment. The 
two mechanisms lead to a point whence there is a common metabolic path, 
eventually leading to germination. : 
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THE INTERACTION OF THIOUREA AND ASCORBIC ACID IN THEIR 
EFFECT ON GERMINATION AND GROWTH 


A. M. Mayer and A. PoLjakorr-MayBER 
Department of Botany, The Hebrew University of Jerusalem 
and S. Zacks 
Research Council of Israel, Jerusalem 


ABSTRACT 


It thas been shown that there is an interaction between ascorbic acid and thiourea in 
their effect on germination and growth. The effect on germination is synergistic, that 
on growth is antagonistic. The results are discussed in the light of the known properties 
of thiourea and ascorbic acid. It is suggested that the antagonism on growth may be 
due to the inhibition by thiourea of the ascorbic acid oxidase and consequent depression 
of the amount of dehydro-ascorbic acid in the seeds. The effect on germination is 
a specific one which cannot be explained on the basis of the known functions of ascorbic 
acid in plant tissues. 


In a previous paper the effect of thiourea on germination and growth of lettuce 
was reported (Poljakoff-Mayber, Mayer and Zacks, 1958). Ascorbic acid has been 
shown to affect the germination inhibition caused by coumarin and 2.4-D, (Levari, 
Mayer and Evenari 1952). In addition, it has been shown that thiourea inhibits 
the ascorbic acid oxidase of germinating lettuce (Mayer 1958). It seemed likely 
therefore that the ascorbic acid content of thiourea treated seeds could be higher 
than that of untreated seeds. The effect of thiourea might therefore be due to the 
presence of ascorbic acid as such in the seeds. If this is correct, then externally 
added ascorbic acid should modify the effect of thiourea on germination and 
growth. This seems even more likely, as ascorbic acid has already been shown to 
modify the effect of germination inhibitors. 

The effect of thiourea on the germination and growth of lettuce in the presence 
and absence of ascorbic acid was therefore investigated. 


METHODS 


Locally grown lettuce seeds, Variety Grand Rapids, were used throughout the 
experiments. They were germinated at 26°C in the dark. Germination and growth 
were determined as previously described (Poljakoff-Mayber, Mayer and Zacks 1958). 
Ascorbic acid, in its free form, was freshly prepared every two to three days and 
kept in the cold at 2°C. 
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RESULTS 


Lettuce seeds were germinated for 72 hours in three different concentrations ob 
thiourea in the presence and absence of ascorbic acid. At the end of the 72 hours: 
germination and growth of hypocotyl] and roots was determined. The results are 
summarized in Table I. Regression lines were fitted to the data of Table I according: 
to the equation 


(1) y.zra + bx 


These are given in Figures 1—3. The variability of the results is given in Table II. 

As will be seen from Table I and Figure 1, ascorbic acid alone does not signifi- 
cantly affect germination. It does, however, markedly increase the stimulation caused 
by thiourea. 


TABLE I 


The effect of thiourea and ascorbic acid on the germination and growth of lettuce. 
Concentration of ascorbic acid was 75 mg% 


Thiourea cone. Thiourea only Thiourea + 

M ascorbic acid 
0 17.8 21.2 
Germination % 1 x 10-2 26.8 44.3 
2.5 x 10-2 52.0 47.5 
5 x 10-2 50.5 76.5 
0 11.1 4.9 
Hypocotyl 1 x 10-2 6.8 4.3 
length (mm) 2.5 x 10-2 3.9 3.9 
5 x 10-2 2.1 1.8 
0 VK 5.8 
Root length 1 x 10-2 8.1 ty 
(mm) 2.9 x 10-2 4.7 bey 
5 x 10-2 1.9 1.8 


TABLE II 


Data on the standard errors of a & b, SE (a) & SE (b), and the variance around the regressio 
lines S* y/x for Figures 1, 2, 3 in the equation y=a+bx. 


SE (a) SE (b) S?y/x 
Germination without ascorbic acid + 0.120 + 0.158 0.0098 
with ascorbic acid +.0:012 + 0.163 0.0095 
Root length without ascorbic acid + 0.817 + 2.279 0.00085 
with ascorbic acid + 0.982 + 4.692 0.0415 
Hypocotyl length without ascorbic acid + 0.266 nos ey 0.056 
with ascorbic acid + 0.396 + 1.405 0.0075 


Vol. 6D, 1958. INTERACTION OF THIOUREA AND ASCORBIC ACID 105 


1.00 


0.75 


0.50 


0.027 0.03 


0.25 


050 


nm eb FH anny @ © 


too 002 006 O10 O14 O18 022 026 
; ‘ Figure 1 Figure 2 
Regression lines for germination data Regression lines for root length data 
— Muge % of germination, y= Mean root length x= Thiourea conc. 
: fone. er a “3 1) Thiourea y = 12.50 — 48.09 J/ x 
iourea y = —0. 50 x : : ; 
) ----- Thiourea + ascorbic acid ao Se - = Thiourea + ascorbic acid 
y = —0.69 + 27.34 x y = 6.93 — 24.72 Vx 


eC aa a TT 
Figure 3 
Regression lines for hypocotyl length 
y= Mean hypocotyl length x = Thiourea conc. 
1) Thiourea y = 6°52 — 19.33 |/ x 
2) ----- Thiourea + ascorbic acid y = 5.00 — 12.26 V« 


From Figure 2 and Table I it is evident that ascorbic acid inhibits root growth. 
The roots treated with thiourea and ascorbic acid were shorter then those treated 
by either of them alone. Their effect is not additive however.’ The difference in 
slope of the regression line (Figure 2) clearly points to an interaction between the 
two compounds. A very similar picture emerges for hypocotyl growth (Table I 


106 A. MAYER and A. POLJAKOFF-MAYBER Bull. Res. Counc. of Israel . 


and Figure 3) although the absolute difference between treatments were smaller. 
Here too the regression lines point to an interaction. 

It was possible that the effect of ascorbic acid was due to its strong reducing 
action. Thiourea exists in two taumoteric forms as in equation (2). 


/ NH; 7 NH 
(2) SC <——— HSC 
\ NH: \ NHz 


which may differ in biological activity. The addition on a reducing agent like 
acsorbic acid produces a shift in the equilibrium of (2) to the right. If the form 
HSC. wp is the active one, than germination stimulation would increase on the 
addition of ascorbic acid. { 

To test this possibility, the effect of a reducing agent, cysteine hydrochloride and 
an oxidizing agent, dehydro-ascorbic acid, on germination in the presence of thiourea 
was investigated. 


TABLE Iil 


Effect of thiourea in the presence and absence of dehydro-ascorbic acid 75 mg % and cysteine 
hydrochloride 75 mg % on germination. 


% Germination 


“Thiourea—~—S* Thiourea only Thiourea and dehydro- Thiourea and cysteine 
cone. ascorbic acid hydrochloride 
SD SD SD 
0 13.4 7.7 8 1 Rey 11.0 1.0 
1.0 27.0 9.3 30 Ls ee / 23.0 2.9 
oD 41.0 11.9 37 ry 38.5 10.9 
5.0 59.0 13:5 50 8.7 51 7.0 


The results are shown in Table III. It will be seen that cysteine hydrochloride 
in no way resembled ascorbic acid in its action. Dehydro-ascorbic acid did not 
antagonise the action of thiourea in any way. Neither substance alone affected 
germination. It can be concluded therefore that the ascorbic acid effect is not due 
merely to its reducing action. 


DISCUSSION 


From the results described it will be seen that there is a clear interaction between 
thiourea and ascorbic acid. This interaction is one of synergism in the case of 
germination and of antagonism in the case of growth. The dosage response curves 
(see Figures 1, 2, 3) show a linear dependence on the square root of the dose for 
growth while for germination the dose itself is linearily related to the Normit 
percentage. These two facts together clearly point to completely different mecha- 
nisms of action of thiourea on germination and growth. Thiourea has been shown 
to inhibit ascordic acid oxidase (Mayer 1958). Such an inhibition must lead to a rise 
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in the ratio ascorbic acid /dehydro-ascorbic acid in the seeds. If this is in any way 
related to germination stimulation by thiourea than the addition of ascorbic acid 
to the seeds should stimulate germination while addition of dehydro-ascorbic acid 
should inhibit it. It has been shown that this is not the case. Hence thiourea does 
not act on germination because it changes the ascorbic dehydro-ascorbic acid ratio. 
_ The picture, however, is somewhat different for growth. Marre and his collabo- 
rators, (Tonzig and Marre 1955, Marre and Arrigoni 1957) have shown that 
dehydro-ascorbic acid inhibits growth. In the experiments reported here, the 
addition of ascorbic acid to whole seeds had a similar effect. This may be due 
to the conversion of ascorbic acid to dehydro-ascorbic acid in the seeds. This is 
entirely feasible in view of the high ascorbic acid oxidase activity present in the 
seeds (Mayer 1958). Thiourea inhibits the oxidase and hence the conversion of 
ascorbic acid to dehydro-ascorbic acid. As a result thiourea in part abolishes the 
inhibition caused by ascorbic acid and consequently the apparent antagonism in 
the effect on growth of a thiourea and ascorbic acid appears. 

During germination the interaction of thiourea and ascorbic acid has been shown 
to be a specific one and not due to the reducing properties of the latter. Kamson- 
Rappaport (1958) has shown that lettuce seeds contain small amounts of ascorbic 
acid. The ascorbic acid content rises, as germination and growth proceed but is not 
related to the germination percentage. The only known function of ascorbic acid 
in plant tissue is that it is part of an electron transport system. From the results 
reported here it appears that ascorbic acid has a function in some additional 
process during germination. When germination proceeds normally, only very small 
amounts of ascorbic acid are required for this additional process. If however the 
electron transport system is disturbed by thiourea (Mayer 1958) the second process, 
in which ascorbic acia participated, increases in importance. As a result the 
addition of ascorbic acid to the seeds treated with thiourea increases the germination 
stimulation of the latter. The nature of the second process in which ascorbic acid 
participates is at present entirely problematical. 
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THE RESPIRATION OF LETTUCE SEEDS GERMINATED AT A HIGH 
TEMPERATURE 


M. Evenari, G. Neumann and A. PoLjakorF-MayBER 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


Lettuce seeds germinated at high temperatures show a higher respiration rate during 
the imbibition period than those germinated at lower temperatures. As the high 
temperature prevents germination the respiration rate declines steadily after the 22nd 
hour of imbibition. 


Light sensitive lettuce seeds, for full germination in the dark, require temperatures 
of 18—20°C or below. At higher temperatures the germination percentage is much 
lower and decreases with increased temperatures. (Evenari 1952, Evenari, Neumann 
and Stein 1953). Rise in temperature, within biological limits, has long been knowr 
to increase respiration rate in general. (James 1953). For seeds this is known from 
investigations with stored wheat grains (Bailey and Jurgar 1918). Similar result: 
are reported by Crocker and Barton (1953). It was of interest, therefore, to investt 
gate the respiration of lettuce seeds at temperatures stimulating respiration bu 
inhibiting germination. 

Lettuce seeds, variety Grand Rapids, were used throughout the experiments 
The respiration was measured by Warburg’s “Direct Method” (Umbreit et al. 1947) 
100 mg amounts of seeds were put in the main compartment with 0.25 ml of water 
either with or without KOH in the centre well. The flasks, wrapped in blacl 
plastic sheets, were attached to the manometers and shaken in the constant tempe 
rature bath. The readings were made at one hour intervals. The experiments wer 
run at two temperatures, 26°C and 30°C. At the end of the experiment the germ! 
nated seeds were counted and the percentage of germination calculated. Whil 
at 26°C the germination percentage varied between 25% and 30%, at 30°C i 
varied between O and 3%. 

The oxygen consumption, the CO, evolution and the changes in RQ are summa 
rized in Figure 1. The curves of Figure 1 do not give the actual readings but th 
moving average calculated for every four successive readings. The gas exchang 
i sexpressed as pl/hour/100 mg initial weight of seeds. 

After four hours in water the seeds are already almost fully imbibed. Durin 
this time at 26°C the respiration increased from below 5y1/100mg/hr in dr 
seeds, to about 35y1/100mg/hr. There was no appreciable change in CO, evolutio 
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until the fourteenth hour, when the actual germination process was already under 
way and the rootlets became visible. Oxygen consumption showed a decrease in its 
rate just prior to this period, between the 10th and the 14th hour, after the seeds 
were put in water. From the 14th hour and on the respiration increased steadily 
until the 20th hour, when all the seeds capable of germination in the dark showed 
rootlet emergence. 

The results of these measurements correspond with the results reported in 
a previous paper (Evenari et al. 1955). 

In the experiments carried out at 30°C, the initial rise in respiration during 
imbibition was higher than at 26°C. This was specially marked in the CO, evolution. 
The steep initial rise in the respiration curve was followed by a continuous slight 
increase at the rate of respiration. There was no such sudden increase as was 
observed at the 14th hour in the seeds kept at 26°C. The seeds at 30°C, as already 
stated, did not germinate. The respiration rate tended to decrease after the 22nd 
hour. This was much more pronounced in the CO, evolution than in oxygen 
consumption. Similar phenomena of decrease in respiration rate for seeds of 
Amaranthus, Impatiens and Rumex kept in temperatures unfavourable for germi- 
nation are reported by Barton (1945). In all these cases the seeds were kept in the 
unfavourable conditions for a much longer period than in the experiments pre- 
sented here. 


RQ changes 


-_—-. .at 30°C 
torte eeee ,at 26°C 


Qo, and Qco, changes 


es =O; at 3 05C 
oer, Babee arg teL ice 
Ore c=. Os at-26°G 
Sele Re, CO; at 26°C 


4 6 8 10 12 4% 16 % 20 22 24 26hrs, 


Figure 1 


The changes in Qo: Qco: and RQ during germination of the lettuce seeds at 26° and 30°C. 
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An increase in temperature usually causes also an increase in the RQ (James 
1953). There is an agreement between this and the present results. In the very 
first hours the RQ of seeds kept at 30°C is considerably higher than unity. Already, 
at the 8th hour RQ approaches unity and remains around it. But most of the 
time the RQ of the seeds kept at 30°C is higher than that of the seeds kept at 26°C. 

There is no possibility to draw any conclusion from the results presented here, 
regarding the nature of the metabolic changes induced by the high temperature. 
These changes, as indicated by the respiratory behaviour of the seeds, are of vital 
importance, as they block the process usually leading to germination. 
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THE MECHANISM OF GERMINATION STIMULATION BY 
ALTERNATING TEMPERATURES 


Dan CoHEN * 
Department of Botany, The Hebrew University of Jerusalem 


ABSTRACT 


1. Studies were made on the effect of short rapid changes in temperature on dark 
germination of light-sensitive lettuce seeds. 

2. No correlation was found with the rate of change, or the duration of the change; 
a very good correlation was found with the temperature change itself as measured in 
the dishes, at temperatures between 23°C to 32°C. 

3. The sequential reactions hypothesis is rejected; an organised structure is indicated 
as the site of action, and two suggestions as to its nature are discussed. 


A method for the breaking of dormancy in seeds, buds, spores and insect eggs by 
the use of alternating temperatures has been known and applied (Crocker and 
Barton 1953, Morinaga 1926, Samish 1954, Sussman 1956). It has been suggested 
that this effect is mechanical in nature (Crocker and Barton 1953, Morinaga 1926). 

Johnson et al. (1954) applied their absolute rate theory to the effect of fluctuating 
temperatures on sequential reactions; a change in the steady state conditions of 
temperature will change the rate of the reactions and the concentrations of the 
metabolites in the sequence differently than will the effect of some other steady 
state condition at a different temperature. Toole et al. (1955) in their discussion 
of the effect of temperature changes and their interaction with light on germin- 
ation, suggested that the effect of alternating temperatures is of such a type. They 
suggested that dormancy may be the result of a subcritical concentration of some 
metabolite, the momentary rise of which, at the time of the temperature change, 
may bring it to the level of “breaking” the dormancy. This mechanism can be 
correct only under the following conditions : 

(a) The effect should depend on the rate of the temperature change; a very 
slow change will not differ from successive steady-states of temperature conditions. 

(b) At the effective rate there should be a dependence on the period during 
which the material is kept at the alternate temperature, as some time is needed 
for a change of concentration to occur. 

(c) Changes in opposite directions should lead to results similarly opposed. 

To check this hypothesis of changed reaction rates, the effect of a temperature 


* This paper is a part of a M. Sc. thesis submitted to The Hebrew University of Jerusalem. 
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change on lettuce seed germination was studied by analysing the effect of the rate: 
of change, the duration of the temperature treatment and the amount of change’: 
on germination. Only the conditions stated under (a) and (b) have been fully tested | 
and will be reported here. 


METHODS AND MATERIALS 
Lettuce seeds of the light-sensitive variety, Grand Rapids, were germinated in. 
Petri dishes in distilled water on filter paper. The dishes were kept in light-tight 
tins in a thermostat at 22°C. Percent germination was determined after 48 hours; 
the results are the averages of 4 dishes. Temperature readings were made by 
a copper constantan thermocouple that touched the wet filter paper in one of the 
dishes in one tin. The readings were considered representative for all the dishes 
in the tins. 

The temperature changes were achieved by transferring the tins from 22°C to 
thermostats of various higher temperatures, 30°C to 100°C for different periods, 
and back to 22°C. 


RESULTS 
Petri dishes were transferred from 22°C to various temperatures for various periods 
of time, as described in Methods and then returned to 22°C. 

The change of temperature after return to 22°C was determined after being 
kept for various periods of time in the alternate temperatures. From this, a value 
was obtained showing the maximal temperature attained after return to 22°C, 
and being kept for various periods of time at the alternate temperatures. These 
maximal temperatures were then plotted against the time in the other temperature. 
The temperatures used were 30°, 37°, 45°, 60°, and 80°C. The results are 
shown in Figure 1. 
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Figure 1 


The change in the maximum temperature in the dishes with time in the different 
thermostats. The transfer is from 22°C and back again. 
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The stimulation of germination by various periods in 
various thermostats: (2 at 30°, 3 at 37°, 4 at 45°, 
5 at 50°, 6 at 60°, 7 at 80°, 8 at 90°) after 12 hours 


imbibition at 22° and further germination at 22° for 
36 hours. The percentages of germination above con- 


trols are given. 
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The seeds began to respond to the temperature change after 4 hours of imbib- 
ition and had reached a level maximum of sensitivity at the 12th hour. The: 
germination percentage for each treatment was determined. The difference between 
this and the contro] dishes, continuously kept at 22°C, was obtained. The stimulation 
obtained for each alternate temperature was plotted against the time at the alternate 


; 
minutes 


Figure 9 
The stimulation of germination expressed as 
percentages of the maximal stimulation ob- 
tained in each thermostat, plotted against time 
in the thermostat. The temperatures are indi- 


cated in the curves. 


Figure 10 
The same stimulation percentages as in Figure 9 
plotted here against the maximal temperature 


ria Py 20° | Femparshare % in the dishes (see Figure 1). 
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temperatures. Best fitting curves were drawn by hand (Figures 2—8). The maximal 
stimulation obtained was that determined from these curves and are given in 
Table I. Maximal stimulation of germination was about the same in the different 
thermostats. 


TABLE I 


The relationship between maximal stimulation, above control, obtained and the alternate 
temperature used to obtain it. The values were obtained from Figure 2—8 


Temp. of Maximal A% _ 
thermostat stimulation 

30° 32 

37° 30 

459 24.5 

50° 7 ie ela) 

60° 20 

80° 26.0 

90° 26.5 


The % germination stimulation at various times in the incubator (Figures 2—8) 
were then expressed as a percentage of the maximal stimulation in the same 
incubator, the latter being taken as 100%. These were plotted against the time in 
the incubator. (Figure 9). The maximum temperature obtained for each point in 
Figure 9 was deduced from Figure 1. The percentage stimulation was then plotted 
against this temperature. (Figure 10). It will be seen that all the curves are 
essentially the same. Stimulation correlates markedly with the maximal temperature 
in the dishes. 


DISCUSSION 


It will be seen that there is no correlation at all between stimulation and the rate 
or duration of the temperature change (Figure 1 and 9). Stimulation does show 
good correlation with the maximal temperature change (Figure 10). In all the 
thermostats tested, 50% stimulation was attained at about 27.5°C. 

It appears therefore that dormancy breaking cannot be ascribed to a momentary 
change in the concentration of some metabolite, as suggested by Toole et al. (1955). 
The following interpretation is suggested : There are critical temperatures for some 
seeds, which, when exceeded cause them to germinate. The temperature depen- 
dence of the stimulation is the result of the distribution of these critical values 
in the seed-population. From Figure 10 it will be seen that here the critical tempe- 
ratures are between 23°C to 32°C with 27.5°C as the median value. A critical 
dependence on temperature alone indicated a physio-chemical change of state, 
which depends only and sharply on temperature. Such a change must have a very 
high positive entropy, which means that it involves a highly organized structure, 
as for example solid or gel states. 
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If the responding seeds are considered as a uniform population then the fraction 
that germinates after a certain treatment is the fraction » of the whole change 
caused by the temperature treatment. From the dependence of p on temperatams 
we can calculate the important thermodynamic values of the reaction. 

Assuming /(1—p)=K, where K is the “equilibrium” constant, then 
RTInK =— AF = AH — TAS, where A F is the free energy change,A S is the 
entropy change, A H is the enthalpy or heat change, T is the absolute temperature, 
and R is the gas constant. 

To obtain the AS and AH values, we used the van’t Hoff equation dInK/d(1/t)= 
AH/R. 

The expression log p/(1—p) which is equal to log A%/(A % max. — A %) was 
calculated and plotted against 1/T (Figure 11). From the slope a AH value of 
+ 70,000 cal/mole and a AS value of + 235 cal/deg. mole were calculated. These 
values fall nito the range of those calculated from protein denaturation data and 
thermal killing of various living cells (Johnson et al. 1954). 


32 3.25 3.3 3.35 34 
Figure 11 


The logarithms of the stimulation percentages plotted against the reciprocal of the absolute 
temperature in the dishes. 
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This suggests the following interpretation of the results : 

In lettuce seeds there is an organized structure or a complex macromolecular 
arrangement that prevents germination in a fraction of the seeds. This structure 
is destroyed rapidly by elevating the temperature. The destruction is an irreversible 
one, or allows an irreversible process to take over and initiate the germination. 

The nature of this structure is unknown. It may be an inactive precursor of an 
enzyme that liberates the enzyme following the temperature rise. Similar cases have 
been reported (Johnson et al. 1954). Alternatively, the structure may be a membrane 
separating certain reactants within the seed. Destruction of the membrane or 
a change in its permeability following the temperature change allows the reactants 
to mix, and germination can be initiated. 
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ABSTRACT 


The joint action of thiourea and coumarin on germination and growth of lettuce is 
described. The two compounds show interaction in their effect on germination. This 
is marked by a change in sensitivity of the seeds to thiourea in the presence of coumarin. 
Thiourea and coumarin also show interaction in their effect on growth of roots and 
hypocotyls of lettuce seedlings. These interactions are discussed in the light of previous 
findings on the action and metabolism of thiourea and coumarin. It is suggested that 
the interaction in germination is related in some way to the oxidative destruction 
of coumarin. 


Coumarin and thiourea are known to effect the germination of lettuce seeds. 
Thiourea abolishes the light dormancy of light sensitive varietes while coumarin 
induces light dormancy in light indifferent seeds, (Thompson and Kosar 1939, 
Nutile 1945, for other references see Evenari 1956). 

The effect of thiourea on germination and growth of lettuce has been previously 
described (Poljakoff-Mayber, Mayer and Zacks 1958). Coumarin is known to affect 
the growth of plants (Goodwin and Taves 1950, Thiman and Bonner 1944, Tar- 
ragan 1953, Audus and Quastel 1947, Avers and Goodwin 1956). Coumarin and 
thiourea have opposite effects on germination. It was therefore of interest to study 
the effect of coumarin on growth of lettuce seedlings and also to determine whether — 
there was some interaction if the two substances are applied together to lettuce 
seed. Some indication of such an interaction has been previously found (Mayer 
and Evenari 1952). The presence or absence of such interaction in this case is of 
special interest, as it may indicate to what extent different metabolic processes are 
involved in the action of the two compounds (Evenari 1957). 


METHODS 

Lettuce seeds variety Grand Rapids were used throughout the experiments. They 
were obtained from the Ferry Morse seed growers, California. Germination and 
growth were determined as previously described. (Poljakoff-Mayber, Mayer and 
Zacks 1958). Germination was carried out at 26°C in the dark. 
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The statistical treatment of the results was designed to separate the treatment 
Means into homogenous groups in order to test main effects of coumarin and 
thiourea and their interaction. The methods of separation were according to Tukey 
1949 and Duncan 1955. An analysis of variance according to a two-way classific- 
ation has not been used because of a lack of orthogonality between the various 
parts of the total “sum of squares” of deviations. This was due to the unequal 
number of replications in each treatment and unequal number of seeds in the 
replications (Kendall 1952). The variates subject to this analysis were y = 2 arc sin 
V P for the percentage germination p. As regards hypocotyl and root length the 
mean values of the replications in each treatment were used. 


RESULTS 
The effect of various concentrations of thiourea in the presence of coumarin at 
three different levels, 1, 2 and 5 mg% (i.e. 0.68, 1.36 and 3.4x10-* M) are given 
in Tables I, II and III. These tables show the results for germination root length 


TABLE I 


The effect of thiourea and coumarin on the mean germination percentage 
of lettuce seed germinated for 72 hours at 26°C in the dark 


ee Coumarin| 
Thiourea —~.___ cone. 0 Img% 2mg% 5mg%, 
conc. M iE Ey, a NN ee cL ee eee 
0 | 33.3 ee 0.8 0.1 
Px 10-2 . 57.8 15.6 8.5 0.05 
229. 10:2 isi! 34.3 13.8 yay | 
5 x 10-2 | 63.4 14.4 5 Stele de Le, SEs 
TABLE I 


The effect of thiourea and coumarin on the mean root length (in mm) 
of lettuce seedlings at 26°C in the dark 72 hours after germination 


a Coumarin| 
Riisicet ee cone. | 0 Img% 2mg% 5mg% 
conc. M ae, me 2 Me: eas ana acwnt 
4 0 | 12.6 3.7 0.9 0.3 

1 x 10-2 9.3 1.9 1.2 0.4 

2.5 x 10-2 | 4.2 1.7 1.2 0.9 
5 x 10-2 | ai 1.4 0.7 Pe eS ; 
TABLE Ill 


The effect of thiourea and coumarin on the mean hypocotyl length (in mm) 
of lettuce seedlings at 26°C in the dark after 72 hours of germination 


Coumarin' 
eo eee cone. | 0 Img% 2mg% img% 


conc- M gia ek a Veretiy'y er ence pet a Ae UN ae 
wi MeO | 75 2.6 0.8 0.3 
1 x 10-2 } 4.1 1.9 1.4 0.1 
2.5 x 10-2 | 4.7 1.4 1.8 0.8 
5 x 10-2 | 2.6 1.1 uf 0.7 f 


ee 
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TABLE IV 


Homogenous groups of treatment means for germination for each concentration of thiourea. 
with all coumarin concentrations (IV a) and vice versa (IV b) 


TABLE IVa 
Weir, Cone. of coumarin 95% confidence limits of means 
eali-acad mg% in a homogenous of the homogenous groups 
acl group of means upper lower 
0 0 38.5 28.1 
1 3.8 1.5 
2 1:3 2.0 
5 0.2 0 
1.0 0 61.4 54.1 
1 19.05 121 
2 1357 3.2 
5 0.1 0 
2.5 0 70.4 47.7 
1 38.8 30.1 
2 18.9 8.3 
5 4.9 0.5 
5.0 0 Al.2 55.5 
1 17.8 10.9 
2 6.5 0.6 
5 0 0 
TABLE Iv b 
: Thiourea conc. x 10-*?M 95% confidence limits 
ds tics in a homogenous groups of the mean groups 
: . of means upper lower 
0 OF 25 5.0 - 65.4 55.4 
0 33.9 27.7 
1 2.5 38.9 29.5 
1.0 5.0 17.8 12.0 
0 3.8 1.2 
2 1.0 25 13.9 5.5 
0 5.0 1.8 0.2 
5 2.5 4.6 0.3 
0 10 75.0 0.2 0 


——-- - cacao cest 


and hypocotyl length respectively. Table IV shows the results giving the 95% 
confidence limits and the homogeneous groups of treatments for germination 
Tables V and VI give the corresponding results for root length and hypocoty! 
length. The mean values of the results, if not significantly different for any twc 
concentrations, are grouped together as for example 1 and 2 mg% coumarin with 
2.5 x 10° M thiourea for hypocotyl length. (Table VI). 
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TABLE V 
The homogenous groups and treatment means for root length for each concentration of 
thiourea with all coumarin concentrations (V a) and vice versa (V b) 


a TABLE va 
Pinca Cone: of coumarin 95% confidence limits of means 
conc. x 102M MS ina homogenous of the homogenous groups 
a group of means upper lower 
0 0 13.34 11.86 
1 4.56 2.79 
2 1.39 0.474 
5 0.474 0.04 
1.0 0 9.74 8.75 
1 2.61 1.29 
2 1.54 0.89 
5 1.06 0 
2.5 0 4.45 3.85 
1 2.03 1.34 
va es} 1.45 0.54 
5.0 0 2.45 1.65 
1 1.67 1.19 
2 1.04 0.29 
5 0 0 
TABLE vb 
eerepep iS Thiourea conc. x 10-°°M 95% confidence limits 
; 4 in a homogenous groups of mean of the homogenous group 
conc. in mg% 
of means upper lower 
0 0 12.84 12.36 
1.0 9.75 8.75 
2.5 4.45 2.85 
5 2.45 1.65 
1 0 4,57 Qed 
TD GE Meal t) 1.99 1.39 
2 Oneel Ope 2.0009.0 1.23 0.71 
5 2.5 1927 0.47 
0 Toe On 0.43 0.03 
TABLE VI 


Homogenous group of treatment means for hypocotyl length for each concentration of thiourea 
with all coumarin concentrations (VI a) and vice versa (VI b) 


TABLE via 
* Thi Cone. of coumarin 95% confidence limits of means 
eatery, mg% in a homogenous of the homogenous groups 
Les group of means upper lower 
0 0 8.54 6.36 
1 3.28 1.88 
2 1.16 0.43 
5 0.56 0.04 
1.0 0 4.49 3.62 
1 2.93 1.76 
ye 1.70 1.04 
i 0.45 0 
2.5 0 5.12 4.26 
ee 1.43 1.167 
5 1.163 0.46 
5.0 0 3.16 2.11 
1 1,33 0.92 
(i 0.99 0.31 
5 0 0 
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TABLE vib 
ares & é Thiourea cone: x 10-2M yaa'n 95% confidence limits 

Coumarin in a homogenous groups of mean of the mogenous group 
cone. tn mg% of means upper lower 

To awe Ueinan aummnepee Bon eer B57 = i Seger 6.33 

1.0 4.73 4.65 

ao 4.04 4.01 

5.0 3.17 2.09 

1 0 1.0 2.92 1.88 

2.5 5.0 1.40 1332 

2 1.0 2.0 1.54 1.10 

0 5.0 1.04 0.48 

5 2.5 sf 0.45 

0 1.0 5.0 0.36 0.04 


The results for the effect of thiourea alone will not be analysed here as they 
have been described in detail previously (Poljakoff-Mayber, Mayer and Zacks 1958). 

Tables I and IV show that germination percentage decreases steeply with in- 
creasing coumarin concentration. Increasing thiourea concentrations increase the 
germination percentage as already reported for this lot of seeds (Poljakoff-Mayber, 
Mayer and Zacks 1958). When thiourea and coumarin are applied jointly an 
interaction is evident. The percentage germination is higher than in coumarin but 
lower than in thiourea. The optimal thiourea concentration for reversing the 
inhibition of coumarin is 2.5 xX 10°?M. The percentage germination at thiourea 
concentration of 1 and 5 x 10° M differ significantly only at 2mg% coumarin. 

Table II and V show that there is no clear interaction of the two substances 
in their effect on root length at most concentrations. Both increasing thiourea and 
coumarin concentrations result in inhibition of root growth. If applied jointly, 
however, at 5mg% coumarin and 2.5 x 10°? M thiourea, thiourea to some extent 
reverses the inhibition of coumarin, showing interaction to occur. 

Tables III and VI show that in their effect on hypocotyl length the two sub- 
stances again show interaction. The results resemble those obtained for root length. 
In the latter, however, interaction was apparent only at 5mg% coumarin. Hypocotyl 
length shows interaction at both 5 and 2mg% coumarin with 2.5 x 10-? M thiourea. 


DISCUSSION 
As can be seen from the results, thiourea and coumarin have opposite effects on 
germination when applied separately. When applied jointly, this is still apparent. 
However, a shift towards lower concentrations of thiourea causing greatest stimul- 
ation appears. This shift provides evidence for interaction between two compounds. 
Previously it has been shown that lettuce seeds variety Grand Rapids of a different 
source have different sensitivity to thiourea. Here coumarin apparently can change 
the sensitivity of seeds to thiourea, in addition to inhibiting their germination. 

The previously reported difference in sensitivity to thiourea was correlated with 
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the dormancy of the seeds, more dormant ones being more sensitive and showing 
an optimum concentration in the thiourea response curve. Coumarin induces 
a form of dormancy in lettuce seeds which can be broken by light. This is very 
Suggestive of a similar mechanism causing a change in sensitivity to thiourea. 
A change in sensitivity to thiourea, in thiourea, in the seeds with an optimal con- 
centration for stimulation has several implications. One of these is that certain 
processes which were previously insensitive to thiourea are being inhibited by it 
in the presence of coumarin, when a sufficiently high internal thiourea concen- 
tration is reached. This must be considered in the light of our previous findings. 
The internal thiourea concentration increases both with time and with external 
thiourea concentration (Mayer 1956). This increase is particularly marked with 
time, the internal concentration increasing rapidly after 48 hours of germination. 
Coumarin is known to be destroyed by the seeds; this destruction increases with 
time of germination (Mayer 1953). It seems quite possible that the interaction is 
between the coumarin destroying system and thiourea. Thiourea is known to 
stimulate certain oxidative sytsems in vivo (Poljakoff-Mayber 1953, Mayer 1954). 
If coumarin is destroyed by an oxidative process, then thiourea might well affect 
germination in the presence of coumarin by affecting the destruction of the latter. 


The optimal stimulation by thiourea in joint action could be accounted for as 
follows: Thiourea probably affects more than one process in the germination of 
seeds. Normally, the balance of these processes is stimulation, some being inhibited, 
others stimulated. The balance of stimulation to inhibition changes with the 
thiourea concentration, favouring inhibition, as the concentration increases. This 
is indicated by the behaviour of different seeds towards thiourea (Poljakoff-Mayber, 
Mayer and Zacks 1957). If coumarin antagonises the stimulatory process it would 
cause a shift in the balance from stimulation to inhibition. A balance favourable 
to inhibition would then be. expected to occur at a lower thiourea concentration. 
Hence, a response curve with an optimum thiourea concentration appears. 

Germination precedes growth, and therefore thiourea stimulation of germination 
precedes its inhibition of growth. This seems clearly correlated with the increasing 
internal thiourea concentration. Germination stimulation occurs while the internal 
thiourea concentration is still low, growth inhibition occurs when it rises consider- 
ably. It is not clear whether thiourea affects germination and growth through 
the same process, but at different concentrations, or through entirely different 
processes. 

Coumarin inhibits both germination and growth, but here again it is not clear 
whether the same or different processes are involved. 

In some cases the inhibition of growth by the two substances is additive. At one 
thiourea concentration (2.5 x 10-? M) however, there is interaction between thiourea 
and certain coumarin concentrations. It is of interest that this is the same thiourea 
concentration which also shows particularly marked interaction with coumarin in 
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their effect on germination. The significance of this interaction at a specific thiourea 
concentration is quite unclear at present. 
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LETTERS TO THE EDITOR 


RESPIRATION STUDIES WITH 
LETTUCE SEEDS IMBIBED FOR VERY 
LONG PERIODS 


In a previous paper* it was reported 
that the respiration rate of lettuce seeds 
declined after 24 hours in 26°C, if imbibed 
under conditions unfavourable for germin- 
ation, i. e. darkness of far red irradiation. 
These fully imbibed seeds, which did not 
germinate during the above mentioned per- 
iod, lose their photoblastism as the imbib- 
ition time is prolonged.. After twenty four 
days, they no longer react to red light. 
They can be brought to full germination, 
however, if given a cold temperature treat- 
ment of two days in the refrigerator. This 
shows that although their viability is not 
impaired, long imbibition under conditions 
unfavourable for germination changes their 
physiological behaviour as shown by their 
reaction to some external factors. Some 
authors regard this phenomenon to be a 
sort of “secondary” or “induced dormancy”’. 
In the light of this change in the physio- 
logical behaviour of the seeds it was of 
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interest to investigate the changes, in the 
rate of their respiration and also the change 
in concentration of some metabolites, during 
such long imbibition periods. 


Lettuce seeds, variety Grand Rapids, were 
used in these experiments. They were germ- 
inated in Petri dishes, on filter paper in 
the dark at 26°C. After 24 and 48 hours, 
all the germinated seeds were taken out in 
blue light. The non-germinated seeds were 
periodically transferred to new dishes in the 
dark. This minimised fungal infection. 


Respiration measurements were conducted 
according to the conventional Warburg 
technique, using the direct method’. The 
sugar and lipid content were measured as 
previously described *. 


The results of the respiration measure- 
ments, with seeds imbibed for various 
lengths of time are summarized in Figure 1. 
These results are expressed as yl gas, 
exchanged per hour by a number of seeds 
equivalent to 100 mg of initial dry weight. 
As it is seen from Figure 1, the respiration 
rate continues to decline until, after 15 
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Respiration rate of lettuce seeds after various periods of imbibition. The imbibition was carried out under 
conditions unfavourable for germination. é 

Some characteristic standard deviations are shown in the curve. In view of the obvious overlap of the standard 
deviations for O, and CO, measurements, a free hand curve was drawn between all the points. 


o — oxygen uptake x — CO, evolution. 
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days of imbibition, the respiration rate is 
very near that of dry seeds. 

No measurable changes in lipid content 
were detected. There was no increase in 
glucose content, although normally such an 
increase accompanies germination *. A mea- 
surable decrease in sucrose content was 
evident only during the first three days of 
imbibition. After this period there was a 
tendency for the sucrose content to decrease 
slightly, but this could not be firmly 
established. These facts would be in agree- 
ment with the view that sucrose is the main 
substrate oxidized during the imbibition 
period. 

It seems as though during the long im- 
bibition, under conditions unfavourable for 
germination, the seeds do not become fully 
active and return to some form of dorman- 
cy. The metabolic processes awakened by 
the hydration of the tissues, return to their 
latent rate, although no apparent dehydr- 
ation takes place. The mechanism causing 
this “metabolic reversal” is as yet unclear. 

Results of similar respiratory behaviour, 
were reported by other authors for various 
varieties of lettuce seeds, Hansen‘, Big 
Boston ° and Grand Rapids*. For Xanthium‘, 
Amaranthus ® and Impatiens *, similar beha- 
viour has been reported. In all these cases, 
if germination does not occur, there is a 
break in the respiration curve, at which 
a steady drop begins, leading to very low 
rates of respiration. The time of this break 
coincides more or less, with the end of the 
germination rush observable under cond- 
itions permitting germination to occur. In 
the period up to the turning point, the 
respiration curves are identical for seeds 
that germinate and for those that do not 
germinate. Then the seeds that do germ- 
inate, show a steep rise in their germination 
rate 1, 4,5, while in those that fail to germ- 
inate, due to unfavourable external condi- 
tions, the respiration rate declines (ref. 1, 6 
and the present results). 

M. Evenari, G. NEUMANN 
and A. PoLjaAkorF-MAYBER 
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The Hebrew University of Jerusalem 
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CHANGES IN THE ASCORBIC ACID 
CONTENT OF GERMINATING 
LETTUCE SEEDS 


It has been previously shown in this labo- 
ratory that in lettuce seed various oxidative 
pathways operate during germination, de- 
pending upon the external conditions *, The 
existence of the cytochrome oxidase system 
was also shown *. 

In view of these findings, the possible 
existence of other terminal oxidases was 
investigated. Polyphenol oxidase has been 
shown to operate *. In pea tissue the ascor- 
bic acid — ascorbic acid oxidase system has 
been demonstrated by Mapson and Mou- 
stafa*, It was of interest, therefore, to see 
whether such a system could operate in 
lettuce seeds. As a first step, the occurrence 
of ascorbic acid in the germinating seed was 
investigated. 

Lettuce seeds variety Grand Rapids were 
used throughout and germinated in Petri 
dishes on filter paper. Ascorbic acid wa: 
determined by the colorimetric dichloro- 
phenol indophenol method *. The ascorbic 
acid content of seeds germinated at 20°C 
and 26°C is given in Table I. 

Both at 20°C and 26°C the ascorbic acid 
content rises most rapidly between 48 anc 
72 hours, when germination is actually 
already completed. The effect of the germ- 
ination inhibitor coumarin, on the ascorbic 
acid content is shown in Table II. 
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TABLE I 


Changes in ascorbic acid content of lettuc j inati 
{ cont e seeds during germination 
The light treatment was 500 f. c. white light for I minute given after 2 hours of germination 


Germination Age 20°C ~ Germ. 26°C Germ. 
conditions in aye Saptoic % mop esrar ese * 
hie? acid/100 g seeds acid/100 g seeds 
See _ Mean 8. D, Mean S.D, 
Dark fy 2.94 0.15 ay age: geeeive. 
4 0.64 0.23 40 1.0 0.20 40 
48 0.90 0.17 1.04 0.36 
d 72 2.06 0.28 1.6 0.23 
Light 24 0.96 0.17 1.16 0.16 
48 1.04 0.14 60 1.8 0.14 100 
72 2.40 0.33 a7 0.60 
TABLE If 
; Ascorbic acid content of seeds germinated in 1 mg % coumarin at 26°C 
Germination ‘Age Ascorbic acid content uf i 
conditions in mg ascorbic acid/100 g seeds Germ 
fe te be = collins Mean S.D. % 
Dark 0 1,7 0.16 : 
24 0.86 0.16 
48 0.94 0.15 4—8 
; 72 1.0 0.13 
Light 24 1.0 0.28 
(as in Table I) 48 1.0 0.24 60—70 
72 1.2 0.23 
Coumarin clearly depresses ascorbic acid REFERENCES 


formation in the light. In the dark, its effect 
is more complicated, causing an initial rise 
at 48 hours, followed by a decrease after 
72 hours, despite the lack of germination 
and growth. In seeds which germinated nor- 
mally the ascorbic acid content rises as 
growth proceeds. In the light, coumarin 
markedly depresses ascorbic acid formation 
and growth, although the germination per- 
centage is high. 

No conclusion can be drawn about the 
functioning of the ascorbic acid — ascorbic 
acid oxidase system. However, the smal] 
amount of ascorbic acid present may be 
enough to permit the functioning of this 
electron transport system. 
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VERNALIZATION EFFECTS IN 
MANGOLD AND SUGAR-BEET 
UNDER THERMAL CONDITIONS 
UNFAVOURABLE TO FLOWERING 


Vernalization of beet seeds with a view 
to inducing flower-head formation was at- 
tempted by a number of workers with a 
varying measure of success. A comprehen- 
sive review of literature pertaining to beet 
vernalization is included in a recent mono- 
graph on sugar-beet *. It would appear that 
temperature constitutes a decisive factor in 
the ‘photothermal induction’ of flowering 2, 3, 
and that low temperature treatment, while 
capable of accelerating flowering when 
applied at the seeding stage‘, becomes in- 
creasingly effective as the cold treatment 
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is delayed to more advanced stages of deve- 
lopment *. It is maintained that bolting is 
promoted by vernalization, provided that 
the vernalized seeds are planted in an 
environment favourable enough for induc- 
tion of flowering to continue *, Devernaliza- 
tion effects due to high temperature after 
planting have been described by several 
authors. 

Poor yields of beet seed are usually obtai- 
ned by Israeli seed producers in seasons 
following a mild winter, even in the cooler 
hilly regions. Experiments of a preliminary 
nature were therefore carried out in order 
to ascertain whether bolting can be pro- 
moted by seed vernalization, when subse- 
quent development takes place under condi- 
tions of excessively high temperature com- 
bined with a favourable photoperiodic re- 
gime, such as would be brought about by 
very late planting. Duplicate samples con- 
taining several hundred seeds each of two 
mangold and two sugar-beet varieties were 


sterilized with a 10 per cent solution of) 
commercial formalin and soaked overnight) 
in water. The seeds were then placed in! 
moist canvas wrappings in closed plastic‘ 
containers and allowed to germinate at aj 
constant temperature of 22°C for periods: 
of five and seven days respectively, before! 
being introduced into a refrigerator main-. 
low temperature treatment, the seeds were: 
planted out in field plots at Ein Karem near 
Jerusalem on March 26th, 1954. Bolting re-' 
cords as presented in table I were taken on 
June 2nd, and identical results were recor- 
tained at 2.5+0.5°C. After 44 months of 
ded three weeks later. The extreme mini- 
mum air temperatures at Ein Karem for the 
months of March, April and May were 
3.5°, 4.0°, 7.5°C, and the respective maxi- 
ma were 32.0°, 30.4°, 36.5°C. The length 
of day increased during the recorded growth 
period from 124 hours to the longest photo- 
period at the latitude of Jerusalem, i.e. 
144 hours. 


TABLE I 
Effect of seed vernalization on the percentage of bolters 


Imbibition period Non-vernalized 


Variety prior to vernalization controls 
a 6 days 8 days 
Lord Warden 0.42 0.49 0.00 
Danish Sludstrop 0.00 0.00 0.00 
Coons 0.00 0.58 0.00 
Pedigree 5.55 17.95 0.00 
In the case of Pedigree sugar-beet, the REFERENCES 


effect of vernalization proved highly signi- 
ficant (at 1% level), while the difference 
due to duration of imbibition fell in this 
variety just short of significance at the 5% 
level. It appears that, at least in some 
varieties, bolting can be secured by prolon- 
ged low-temperature treatment of the ger- 
minated seed, even when thermal conditions 
during the growing period are such as would 
normally preclude flower induction. It seems 
likely that an adequately replicated experi- 
ment would also confirm the significance of 
the differences brought about by the extent 
of imbibition. 
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